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Abstract:
This study was to determine if one or more loci are serving as a
master gene for the amplification of LINE, ID, and mys elements, which
mobilize via RNA, in Peromyscus maniculatus tissues, by the use of the
RT-PCR technique. It was concluded that potentially more than one
master gene is responsible for the amplification of LINE and mys in
P.maniculatus. RT-PCR products of testes and brain for ID matched that
of the BC1 gene, known to be the master gene for ID elements. However,
none of the cloned products detected from ovary matched any gene
available in the database. Therefore, L1 and ID might not be
retrotransposed in the ovary, and BC1 might not be the master gene
responsible for the amplification of the ID elements in ovary tissue. The
ID in ovary potentially belongs to a more recent family of ID that hasn‘t
been previously demonstrated in P.maniculatus.
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Chapter 1: Introduction
Transposable elements
Transposable elements (TEs) are mobile genetic elements first
characterized in maize as ―controlling elements‖ of neighboring genes
(McClintock, 1956) which are able to proliferate within and even between
(Mourier & Willersley, e3760) genomes via a DNA intermediate (Figure 1).
Transposable elements are a common feature of eukaryotic genomes
(Dombroski et al., 1805-8) comprising at least 45% of the human genome
(Lander et al., 860-921) and about 37% of the mouse genome (Waterston
et al., 520-62).
Transposon

5'
3'

3'
5'

Donor DNA
Cut by transposase

DNA intermediate
Recombination

5'

3'

3'
Target DNA

Transposon

5'

Figure1. The transposon in donor DNA is cut by an enzyme (such as
transposase in bacteria) and then inserted into the target DNA.
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Transposable elements impact the genome in different ways
depending on the TEs and the host genomes involved (Beauregard et al.,
587-617). For example, large plant (e.g. maize) and animal genomes have
millions of retrotransposon copies (reviewed in Eickbush and Furano,
669-74) whereas small genomes like that of fruit flies have merely
thousands (Adams et al., 2185-95). Drosophila elements are generally
subjected to constant turnovers (recent insertions are eliminated by
selection); however, this is not generally the case for the human
retrotransposons. Eickbush and Furano (2185-95) suggest that this is
due to the difference in recombination adopted by fruit flies in response
to the deleterious effects of interspersed elements, although the nature of
these deleterious effects has not been resolved in Drosophila (Biemont et
al., 1993-95). However, it appears that the rate of these ectopic
homologous recombination‘s (recombination between sequences present
at different genomic locations) is greatly reduced in mammals (Eickbush
and Furano, 2185-95). These findings suggest that host genomes may
differ in the way they control TE activity.

2

Understanding the evolution, the organization, the structure, and
even the function of the eukaryotic genome is not possible without a real
comprehension of the transposable elements. By completion of the
genome sequence of about 1000 organisms (the list is available at
Genome Online Database), and completion of the draft human genome
sequence (International Human Genome Sequencing Consortium, 2001),
it is now well established that the activity of transposable elements is a
key evolutionary force in shaping genes and genomes of many species. In
1980, two papers were published (Doolittle and Sapienza, 601-3; Orgel
and Crick, 604-7), concluding that the evolution and spread of
transposable elements is explained solely by their ability to replicate
themselves in the host genome. These studies were based on the theory
of the effect of transposable elements as ―selfish DNA‖ and their role as
parasites on their host genomes. These conclusions had the effect of
discouraging the study of the evolutionary aspects that these elements
may play; however, despite these disparaging effects (Bowen and Jordan,
65-76), molecular evidence soon revealed that although TEs are genomic
parasites, they have been co-opted (Brosius and Gould, 10706-10) in
different ways to serve the interest of their hosts (Goodier and Kazazian,
23-35). These include the effect of TEs on evolution of gene regulation
and the role of these elements in protein coding sequence evolution.
The study of TE-derived regulatory sequences is particularly
interesting from an evolutionary perspective (reviewed in Polavarapu et
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al., 226) since TEs represent the most rapidly changing, lineage specific
part of the eukaryotic genome. In addition, the dynamics of transposable
elements can lead to substantial differences between genomes over
relatively short evolutionary time scales (Polavarapu et al., 226). In order
to analyze the genomic changes representing the evolutionary depth of
the primate order, Liu et al. (358-68) analyzed the genomic sequences
from chimpanzee, baboon, and lemur and compared it to the human
genome. It was concluded that the human evolutionary lineage has
experienced a TE-driven genome expansion of 500Mb in the last 50
million years and 30 Mb since the divergence from chimpanzee.
Transposable elements can contribute to the host genome by
providing protein coding sequences when an existing or a new TE
becomes captured as an exon in the host genome‘s mRNA sequence in a
process known as ―exonization‖ (Piriyapogsa et al., 31) which appears to
be a common process in the human genome (Figure 2). Nekrutenko and
Li (619-21) demonstrated that 4% of the human protein coding regions
contain TE sequences.
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Figure Exonization
2. Exonization
of mobile genetic
elements.
A hypothetical
of transposable
elements
has been
studied asgene
one locus is
diagramed (a) before and (b, c) after insertion of an L1 in antisense orientation.
The
L1 insertion
allows foroftwo
transcripts.
(b) in one of
these, the L1
mechanism
of formation
newalternative
exons in which
the transposable
element
sequence provides a novel transcription start site, an alternative first exon (ex1‘)
is first
inserted
into
introns
acquiresan
mutations
that
allows
th with splice
and
a splice
donor
site.
(c) inthen
the second,
entire new
exon
(ex3.1)
sites on either side is derived from the inserted L1. ex, exon. (Burns and Boeke,
2008).

Exonization of transposable elements has been studied as one
mechanism of formation of new exons in which the transposable element
is first inserted into introns and then acquires mutations that allow the
RNA splicing machinery to augment part of the inserted TE into the
mature mRNA (reviewed in Vaknin et al., 83). However, in mammals, the
process described is limited to TEs inserted into introns or exons that are
part of the UTRs (untranslated regions) (e.g. the mammalian-wide
interspersed repeat [MIR] elements which are an excellent source to
clarify the history of their exonization) (Krull et al., 1139-45). It has also
been demonstrated that insertion of transposable elements into the UTR
5

exons may lead to a phenomenon known as ‗‗intronization‘‘— creation of
an intron from an internal exonic region—by the de novo emergence of
new splicing boundaries (Roy, 192). Sorek et al. (1060-7) and Lev-Maor et
al. (1288-91) studied this phenomenon in order to demonstrate the
connection between exonization of Alu elements and alternative splicing.
These studies have demonstrated that in the human genome, more than
5% of the alternatively spliced internal exons are derived from Alu, the
most abundant transposable element in humans.

Retrotransposons:
Retrotransposons are found in all three domains of life: bacteria,
archaea, and eukarya (Beauregard et al., 587-617) and comprise the
majority (about 40%) of mammalian transposable elements (Deininger et
al., 651-8). The first retrotranposons to be identified were discovered
because they caused mutation in two model organisms: yeast
(Saccharomyces cerevisiae) and fruitfly (Drosophila melanogaster).
Analyzing the sequences of these organisms by Clare and Farabaugh
(2829-33) and Mount and Rubin (1630-8), respectively, revealed long
terminal repeats (LTRs) and open reading frames (ORFs) that encoded
reverse transcriptase, RNase H, proteinase and gag-like protein, in an
organization similar to retroviruses.
During the retrotransposition process, the retrotransposon in the
donor DNA is transcribed into RNA and then reverse-transcribed into
6

DNA which is inserted into a target DNA. In a recent review by
Beauregard et al (587-617), the author discusses the classification of
retrotransposons into four groups, associated with two historic classes.
The first class is known as long- terminal repeat (LTR) retrotransposons,
so called because of the presence of flanking repeat sequences (figure
3a). Examples of LTR retrotransposons are the yeast Ty and Tf elements,
Drosophila gypsy elements, and deer mouse mys elements. LTR
retrotransposons have the ability to reverse transcribe the RNA template
into a double strand DNA (dsDNA) intermediate. The completed cDNA
then inserts into the host chromosome via a recombination event. The
second class comprises the non-LTR retrotransposons, because of the
lack of terminal repeats. Examples of this class are bacterial and
organellar group II introns, R1 and R2 elements of arthropods, and
mammalian LINE (figure 3b) and SINE elements. Members of non-LTR
retrotransposons (with the exception of SINE elements) have the ability to
encode endonucleases and then reverse transcribe a copy of their RNA
template directly into the chromosome by a process known as targetprimed reverse transcription (TPRT) (Luan et al., 3882-91).
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(a) LTR- retrotransposons
LTR

gag

pol

LTR

(b) Non- LTR retrotransposons
5’ U TR

ORF 1

ORF 2

AAAAAAA

Figure 3. A general diagram of (a) LTR and (b) non- LTR
retrotransposons.
Retrotransposons facilitate genome evolution and support genome
structure (Faulkner et al., 563-71). Retrotransposition is also discussed
as one mechanism for new gene formation (Babushok et al., 542-54)
along with atypical splicing of existing genes and DNA duplication. It has
been well established that gene duplication is required to explain gene
number expansion in the evolution of the eukaryotic genome (reviewed in
Taylor and Raes, 615-43). It has been demonstrated that the apparent
contribution of gene duplication to evolution is providing new genetic
material for mutation.
Retrotransposition is reviewed as one mechanism for gene
duplication along with unequal crossing over and/or chromosomal (or
genome) duplication (Pan and Zhang, e5040), the outcomes of which are
quite different (Figure 4). In unequal crossing over, introns, if present in
the original genes, will also be present in the duplicated genes. However,
this is not the case for gene duplication by retrotransposition. Loss of
introns and regulatory sequences, presence of poly A tracts, and
8

presence of flanking short direct repeats are several molecular features of
retrotransposition (Zhang, 292-98).

(a)
Unequal crossing over

(b)

Transcription and RNA splicing
Mature mRNA

Reverse
transcription

AAAAAA
A

Intron sequences are spliced out
during mRNA maturation

cDNA
Insertion into
the genome

The parental gene inserts in a
different chromosome

Figure 4. Two frequent modes of gene duplication. (a) Unequal
crossing over: results in a recombination event in which the two
recombining sites lie at non-identical locations in the two parental
DNA molecules. (b) Retrotransposition: occurs when an mRNA is
reverse transcribed to cDNA and then inserted into the genome.
Squares represent exons and bold lines (purple) represent introns.
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Another major difference between unequal crossing over and
retrotransposition is that the duplicated gene originated via
retrotransposition is unlinked to the original gene, because the insertion
of the cDNA into the genome is random (Zhang, 292-98). However,
several studies demonstrate that integration of non-LTR
retrotransposons (LINEs and SINEs) occurs at DNA target sites
determined by two conserved nicking sites (Jurka, 1872-7; Cost and
Boeke, 18081-93). Cantrell et al. (769-77) have identified two hot spots
for SINE insertion within the retrovirus-like element mys-9 and have
discovered that two independent SINE insertions have occurred at
identical sites. Also, it has been demonstrated that the Drosophila Pelement (a transposon in Drosophila melanogaster) prefers insertion into
euchromatic regions (Berg & Spradling, 515-24). Eickbush and Furano
(669-74) demonstrate that euchromatic retrotransposon insert are
deleterious and are eliminated by selection.
In a study by Jun et al. (40-54), the authors compared the relative
contribution of new genes from retrotransposition and segmental
duplication events during mammalian evolution. Their findings suggest
that while genes arising from segmental duplication events are up to six
times more likely to remain functional than those arising from
retrotransposition events, retrotranspostition occurs at a much higher
rate (nearly ten times) and gives rise to many more duplicated sequences
over time; however, because of loss of introns and regulatory sequences
10

(which leads to accumulation of more mutations), the chance that these
retrocopies become functional is relatively low (Jun et al., 40-54).
The retrotransposable elements studied in this project are
presented in Table 1.
Table 1: a list of different interspersed elements studied in this
project.
Interspersed
elements
LINE
Mys
SINE

Autonomous Vs.
non-autonomous
Autonomous
Autonomous
Non-autonomous

Length
6-7kb
2842bp
80-400bp

Long interspersed nuclear elements (LINEs) are one type of non-LTR
retrotransposons:
Long interspersed nuclear elements (LINEs; L1) occupy one-sixth of
the human genome with more than 500,000 L1 copies (Kojima et al.,
1405-20). L1 transcription uses an internal RNA Pol II promoter to
encode a full-length L1 mRNA (Belancio et al., 1515-21).The consensus
full length LINE is between 6-7 kb and contains both 5' and 3' UTRs, and
two open reading frames (ORFs) (Piskareva et al., 75–80)(Figure 5). ORF1
encodes an RNA binding protein, whereas ORF2 encodes endonuclease
and the enzyme reverse transcriptase (Alisch et al., 210-24). Because
both ORF1 and ORF2 are required for retrotransposition (Moran et al.,
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917-27), both proteins must be translated from the primary transcript of
the L1 retrotransposon.

Figure 5. Schematic diagram of LINEs

It has been demonstrated that L1 RNA and protein are found
predominantly in germ-line cells and less frequently in other tissues
(Branciforte and Martin, 2584-92; Trelogan and Martin, 1520-4). Studies
on different organisms suggest that the retrotranspositon machinery of
LINE elements may play a role in the mobilization of SINE elements
(Jurka, 1872-7; Ohshima et al, 3756-64; Kajikawa & Okada, 433-44).
Wallace et al. (1-6) demonstrates that Alu SINE elements can be
efficiently mobilized in tissue culture without the help of L1 ORF1;
however, supplementation of L1 ORF1 increases the retrotransposition of
Alu element by 5-fold. Also, in a cell culture-based assay done by
Dewannieux and Heidmann (241-7), it was demonstrated that despite
the differences between the phylogenetic origins of Alu SINEs (a 7SL
derived SINE) and B2 SINE (a tRNA derived SINE), transposition of the
B2 element is as efficient as that of human Alu elements; however, both
B1 (a7SL derived SINE) and B2 SINEs can be mobilized by LINEs
(Dewannieux and Heidmann, 241-7). It has also been demonstrated that
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L1 elements play a role in the amplification of non-coding RNAs such as
tRNAs, YRNAs (small non- coding RNA components of the Ro
ribonucleoprotein particle), snoRNAs, and snRNAs (Hasnaoui et al., 13944).
During the retrotransposition event, LINEs are transcribed to
mRNA from which the LINE-encoded proteins are translated. The LINE
mRNA and proteins then form a complex and move to target sites on a
host chromosome (Suzuki et al., e1000461). This complex will then
initiate a cleavage in a single-stranded DNA by endonucleases encoded
by each non-LTR retrotransposon (Kojima et al., 1405-20), therefore
producing a free 3´-OH end which acts as a primer for the enzyme
reverse transcriptase (RT), encoded by L1, to initiate the reverse
transcriptase activity, a process known as target-primed reverse
transcription. The other DNA strand is cleaved by the endonuclease
during the formation of cDNA (Kojima et al., 1405-20). A DNA double
strand break (DSB) at the target site is necessary to integrate the newly
synthesized LINE element (Suzuki et al., e1000461). Although the role of
host factors in LINE retrotransposition remains unclear, studies have
revealed that several host-encoded DNA repair proteins are involved in
the retro-transcription event, such as yeast LTR retrotransposons and
bacterial group II introns (large catalytic RNA molecules that act as
mobile genetic elements). Studies suggest that a host protein kinase
involved in cellular response to DSB, known as ataxiatelangiectasia
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mutated (ATM), participates in L1 retrotransposition (Suzuki et al.,
e1000461).
L1 elements have been replicating and evolving in mammals since
before the marsupial/placental divergence (about 170 million years ago)
and account for about 17-20% of the mass of the human genome
(Deininger, 651-8). More than 99.8% of L1s are retrotranspositon
defective. This is because they are 5' truncated (Belancio et al., 1515-21),
contain internal re-arrangements, or harbor weak mutations in their
open reading frames (ORF) (Alisch et al., 210-24). Suppression of L1
activity is attributed to promoter regulation, either through tissuespecific transcription factors or methylation of the L1 promoter that is
often released upon malignant transformation (Belancio et al., 1515-21).
The expression of L1 retrotransposons also weakens because of the
premature polyadenylation at internal poly A tails (Belancio et al., 151521).
L1 insertion could affect the structural and regulatory properties of
the genome in addition to causing polymorphism and genetic defects.
Genomic instability induced by L1 insertion may play a role in the
progression of malignancies (Jones et al., e1547). Studies have shown
expression of L1 transcripts in undifferentiated cells, undifferentiated
tumor cells, and various cases of human cancer (reviewed in Georgiou et
al., 1221-8).
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Evidence of the mobility of L1 elements in the human genome:
Evidence for the presence of retrotransposition competent LINE-1
element in the human genome was initially reported in the work of
Kazazian et al. (164-66), demonstrating the insertion of L1 into exon 14
of the factor VIII gene in two unrelated haemophilia patients. Several
cases of genetic diseases have been traced to the retrotransposition
activity of the LINE-1 element causing gene disruptions in the germ-line,
including the insertion of a L1 sequence into intron 5 of the X-linked
gene CYBB resulting in an abnormal splicing (Narita et al., 1862-67; Van
den Hurk et al., 1587-92). In addition, the insertion of L1 into the 3' end
of exon 44 of the dystrophin gene was reported in a case of Duchenne
muscular dystrophy (Musova et al., 145-9). Cases of L1
retrotransposition into somatic cells have also been reported, which have
contributed to some cases of carcinogenesis (Kubo et al., 8036-41). An
example was the identification of a de novo L1 insertion into the APC
tumor suppressor gene in colon cancer (Miki et al., 643-5).
Despite the huge impact of the L1 elements in the human genome
(Kano et al., 1303-12), little is known about the process of L1
retrotransposition in vivo. The high copy number of the L1
retrotransposons (about 500,000 copies) in the human genome suggests
that these retrotransposons have been accumulating over time. If LINE
elements are still accumulating in the human genome, they must either
retrotranspose directly in germ cells during gametogenesis or early
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enough in embryonic development to be incorporated into germ cells. The
somatic retrotransposition events that do not get incorporated into germcells are not heritable and will not accumulate in the genome (Kano et
al., 1303-12).

Mys elements are LTR containing retrotransposons:
Mys elements (Mys from the Greek word of Mouse) are LTR
containing retrovirus-like retrotransposons present in Sigmodontinae
rodents (Cantrell et al., 769-77). These elements are 2842bp long and
contain 343bp long terminal repeats. A polypurine tract is present at one
LTR, and the other LTR contains a lysine tRNA binding sequence (Pine et
al., 3359-73). Mys sequence contains open reading frames (Figure 6),
which encode a sequence homologous to reverse transcriptase (Wichman
et al., 77-81) and generated 6bp target site duplication (Pine et al., 335973; Lee et al., 44-51).
tRNA binding
site

LTR

5'UTRs ORF1

DRs

ORF2 3'UTRs

LTR

Figure6. Schematic diagram of Mys elements.
Studies have demonstrated that mys is present in high copy
number throughout the genus Peromyscus but absent in the genome of
the house mouse, Mus musculus (Wichman et al., 77-81). The absence of
mys from the house mouse suggests that this element became active
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after Mus and Peromyscus last shared a common ancestor (reviewed in
Sawby and Wichman, 74-80). The retrovirus-like mys element has been
present in the ancestor of Peromyscus and has been active through much
of the evolution of this genus. This was demonstrated in the work of Lee
et al. (44-51) on identification of several mys subfamilies on the basis of
restriction site variation occurring in more than one species. Their data
suggest that mys has undergone multiple rounds of transposition since
the Peromyscine radiation, and that five subfamilies have been amplified
during the evolution of the leucopus-maniculatus species complex (Lee et
al., 44-51).
The presence and absence of retrovirus-like retrotransposons have
also been used as taxonomic markers. However, due to being longer than
SINE insertions and thus not easy to assay, they have the advantage of
having paired LTRs (long terminal repeats), a built-in molecular clock
(Cantrell et al., 769-77). This is because their LTRs are expected to be
identical at the time of insertion. After insertion, these retrovirus-like
elements accumulate changes at a neutral rate, and thus the divergence
between the paired LTRs can be used to estimate the relative time since
insertion of an element (Cantrell et al., 769-77).

17

Short interspersed nuclear elements (SINEs) are the other type of
non-LTR retrotransposons:
SINEs are repeats of 80-400bp long, also known as short
retroposons (retrotransposons). SINEs are classified as non-autonomous
retrotransposons due to their dependence to the reverse transcriptase
encoded by LINE elements for mobilization (Odom et al., 2140-8).
Although L1 and predominant SINEs in primates and rodents do
not share sequence homology (Rinehart et al., 416-25), similarities
between L1 and SINE insertion sites have been reported. Sequence
homology found at the 3' ends of some tRNA derived SINEs such as
salmonid HpaI family, the tobacco TS family, and the salmon SmaI and
their corresponding LINE suggests that the 3' ends of these tRNA-derived
SINEs originate from the 3' ends of LINEs (Ohshima et al., 3756-64). This
supports the hypothesis that L1 encoded proteins might be necessary for
SINE retrotransposition. The similar insertion sites between LINEs and
SINEs were previously characterized as AT-rich regions, implying nonrandom insertion into DNA nicks known as ―Band-Aids‖ (reviewed in
Rinehart et al., 416-25). By refined alignment of LI insertion sites, Jurka
(1872-7) has identified an upstream consensus sequence ―TTAAAA‖ at
53% of the sites of Alu and ID SINEs. This finding supports the
hypothesis that there is an enzymatic requirement for insertion. The best
candidate for such enzymatic activity is the reverse transcriptase enzyme
encoded by the LINE element. Also, the identification of an L1 encoded
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apurinic/apyrmidine endonuclease and its in vitro nicking activity, in L1
consensus sites, defines the molecular model of L1 retrotransposition
(Feng et al., 905-16). Alu, B1, B2 and ID elements share this insertion
site at the same frequency as L1 (Jurka and Klonowski, 685-89).
In an international collaboration in 2002 to produce a draft
sequence of the mouse genome and to have an initial comparative
analysis of the mouse and the human genome, it was proposed that
although the mobilization of SINE elements depends on L1 protein, the
sum of the total copies of all rodent SINEs outnumber L1 copies about 2
to 1 (Waterston et al., 520-62). This may be due to the difference in size
and sequence composition between SINE and LINEs, which may allow
the mammalian genome to better tolerate SINE insertions (reviewed in
Kroutter et al., e1000458). Also Song and Boissinot (206-13) propose
that negative selection plays a role in reducing L1 retrocopies through
ectopic recombination and elimination of nearly full length and full
length L1 inserts.
Features of SINEs consist of an internal RNA polymerase III
promoter, an A-tail 3' region (adenine- rich 3' region) of variable length
and flanking direct repeats created at the site of insertion (Odom et al.,
2140-8). Studies suggest that relatively few active copies of SINEs are
present (reviewed in Odom et al., 2140-8). The features that enable some
SINEs to be more active than others have not been fully understood;
however, recent research demonstrates that a primary moderator of this
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activity is the length of the homopolymeric adenine 3' ends (Odom et al.,
2140-8). Table 2 provides a list of the SINE elements studied in this
project:

Table 2. List of the studied SINE elements in this project.
SINE element

tRNA derived
Vs. 7SL derived

B1 SINE

7SL derived

Length of
consensus
sequence
80-135bp

B2 SINE

tRNA derived

80-210bp

ID SINE

tRNA derived

80-100bp

Most SINEs are derived from tRNAs (Veniaminova et al., 678-86);
however, primate Alu and rodent B1 families are derived from the 7SL
RNA gene (Nishihara et al., 1964-72), a component of a cytoplasmic
ribonucleoprotein known as signal recognition particle which, along with
ribosomes, facilitates the translocation of nascent protein into the
endoplasmic reticulum (Bach et al., 54). The 7SL RNA gene is a small
cytoplasmic component found in all vertebrates. The 7SL gene is about
300bp and is highly conserved in evolution (Ullu et al., 195-202). B1
retrotransposons are the most highly repeated SINE retrotransposons in
the murine genome (Bois et al., 104-11) and also have been detected in
voles, rats, mice and deer mouse (Quentin, 299-305; Zietkiewicz &
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Labuda, 66-72; Kass et al., 256-64). B1 copies have the ability to
accumulate mutations due to the high CpG content (Rinehart et al., 41625). This capability along with their short length (148bp) make
phylogenetic studies difficult. The retrotransposition of these elements is
performed by RNA polymerase III-derived transcripts.
B2 elements, tRNA derived SINEs, are specific to the order
Rodentia (Deininger, 619–636). It has been demonstrated that B2
elements are active retrotransposons, which can be passed to the next
generation along the germ-line (reviewed in Kass et al., 1-13). Studies
indicate potential functions of B2 RNA and Alu element embedded within
pol II transcripts (Walters et al., 831-7), therefore having the ability to
function in enhancing transcriptome diversity as well as controlling gene
expression in trans as Pol III transcripts and in cis as part of Pol II
transcribed mRNAs (reviewed in Walters et al., 831-7). Espinoza et al.
(822-9) and Allen et al. (816-21) demonstrated that a small non-coding
RNA Pol III transcript, B2 RNA, binds to RNA Pol II to repress
transcription of specific mRNA genes, in response to heat shock. It has
been studied that tissue-specific transcription of a B2 SINE facilitates the
activation of genes within the mouse growth hormone locus by changing
the local chromatin structure (Walters et al., 831-7). This is due to the
nature of bidirectionally transcribed B2 SINE by both Pol II AND Pol III
(Walters et al., 831-7).
Identifier elements (ID elements), originally termed R.dre.1, are
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members of a family of short interspersed nuclear elements (SINEs) in
rodents (Ono et al., 213-20) with a length of 85-105 bp and a ―core‖
domain with a length of about 75bp (Kim et al., 3607-11). These
elements, considered to be derived from an alanine tRNA gene (Shen at
al., 1641-8), vary in copy number from a few hundred copies per haploid
genome in guinea pigs to 130,000 copies per haploid genome in rat (Kim
et al., 3607-11; Kass et al., 7-14). Three different ID transcripts,
determined by size, have been reported in rat tissues. BC1 (Brain
Cytoplasm), BC2 and T3 RNAs (Kim et al., 3607-11). BC1 is the
dominant form in the neuronal cells. Both BC1 and BC2 can be detected
in wide range of tissues, whereas T3 RNA is predominantly found in the
testes tissue (McKinnon et al., 3751-5).
BC1 RNAs of other species of rodents also have similar unique
sequences, suggesting that BC1 gene has been conserved in rodent
evolution (Martignetti and Brosius, 9698-702). The BC1 presumptive
master gene of ID elements was based on the correlation between
consensus sequences of ID elements with the BC1 gene core domain
among rodents (Kass et al., 7-14). BC1 unique expression pattern in
neuronal cells and its conservation throughout evolution suggests that
this gene has been ―exapted‖ (the use of a biological structure or function
for a purpose other than that for which in initially evolved) into a
functional role in the rodents (reviewed in Kim et al., 3607-11). Also the
transcriptional activity of the BC1 gene observed in all rodents, including
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the germ-line cells (Brosius and Tiedge, 129-138) suggest that this gene
serves as a master gene for the evolution of ID family (Kim et al., 360711).
The rat ID family has been classified into subfamilies of differing
average ages (Daniels and Deininger., 819-22; Kim et al., 3607-11). ID1
is known as the oldest subfamily, which parallels the evolution of the
single copy BC1 RNA gene throughout the rodent genome. The other
subfamilies are specific for rat and show a relatively young evolutionary
age, ranging from 5 million years to 1.9 million years with their relative
ages ID2> ID3> ID4 (Odom et al., 2140-8), indicating ID4 as the youngest
subfamily. However, the newer families of ID in rat do not follow the
evolution of BC1, which appears to have created a newer and much more
active lineage (Kass et al., 7-14; Kim and Deininger, 322-7). A study done
by Odom et al. (2140-8) suggests that the current rat ID element that is
active contains a specific interruption in its 3' A-tail sequence which may
lead to the stabilization of A-tail length and can contribute to the
retroposition activity of ID subfamilies. This may indicate that active rat
ID elements are more expressed in the germ-line tissues.
It has been generally accepted that there appears to be no
correlation between genome size and physiological or morphological
complexity of an organism (reviewed in Hawkins et al., 1252-61), known
as the C-value paradox or the C-value enigma. It is now agreed that
variation in genome size is correlated with the amount of repetitive DNA
23

rather than the amount of coding genes (Hawkins et al., 1252-61).
Although there is not much evidence to conclude a linear relationship
between total transposable element and genome size, Kidwell (49-63)
demonstrates that transposable elements copy number increase
proportionally more than number of transposable element families when
smaller genomes are compared to larger genomes. In other words, copy
number of transposable elements per family is low and constrained in
small genomes, but varies widely in large genomes. Therefore, partial
release of transposable element copy number constraints appears to be a
major characteristic of large genomes.

Purpose of the Study:
This study was performed to analyze the RNA of LINE, Mys and
various SINE elements in somatic and germ-line tissues in deer mouse
(Peromyscus maniculatus) (Figure 7). The purpose of my study was to
determine if one or several loci are serving as master or source genes and
to determine if the same or different loci are expressed in different
tissues of Peromyscus maniculatus. In addition, the study was performed
to assess which germ-line may play a more important role for the
inherited retrotransposition events by relating the RNA expression of
various retrotransposon loci in gonadal tissues with genomic copy
number. This is done by analyzing the RNA transcription of LINE, mys
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and various SINE element in somatic and germ-line tissues of
Peromyscus maniculatus by the use of the RT-PCR technique.

Figure 7. Peromyscus maniculatus (deer mouse) (Myers et al., 2006.
Museum of Zoology. University of Michigan. http://animaldiversity.org)
RT (reverse transcriptase) PCR is a technique to detect the
transcription of the gene of interest (in this case, LINE, Mys and SINEs).
By sequencing the RT-PCR products, I will be able to assess the number
of actively transcribed loci and detect potential ―master genes‖ by
screening the Genbank and determining the levels of sequence identities
with the genes available in the database. Having a high identity match
and having a long A-tail may confirm these sequences as younger
elements that are highly active and may be potential master genes. In
conclusion, using this technique (RT-PCR) will enable me to assess (1) if
a correlation exists between gonadal expression and genomic copy
number and (2) whether the male or female germ-line is primarily
responsible for transferring these elements to the next generation.
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Chapter 2: Methods and Materials
Tissue samples:
Deer mouse (Peromyscus maniculatus) preserved brain, liver, testes
and ovary tissue samples were purchased in a frozen format from the
Peromyscus Stock Center at the University of South Carolina. No
information was provided regarding the ages of the mice from which
these tissues were harvested.

Isolation of RNA from animal tissue:
RNA was isolated from Peromyscus maniculatus brain, liver, testes
and ovary tissues, using the SV total RNA isolation system kit (Promega,
Madison, WI). 40mg of testes, 38mg of liver, 30mg of brain, and 50mg of
ovarian tissue were cut using a razor blade and placed in four separate
petri dishes. 175µl of RNA lysis buffer (+BME) (β-Mercaptoethanol) was
added directly to the petri dishes containing the tissues. After mixing by
pipetting, the mix was transferred to fresh 1.5ml tubes. 350µl RNA
dilution buffer was added to each tube. The tubes were placed at 70oC for
3 minutes. After the incubation period, the tubes were centrifuged for 12
minutes at 14,000 x g. The clear lysate was transferred to fresh 1.5ml
tubes. 200µl of 95% ethanol was added to the tubes and mixed by
pipeting. The mixture was transferred to a spin basket assembly. The
tubes were centrifuged for 1 minute, and eluted fraction was discarded.
600µl RNA wash solution (+ethanol) was added to each tube and
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centrifuged for 1 minute. A DNase incubation mix was prepared
containing yellow core buffer (160µl), 2.5mM MnCl2 (20µl), and 1.0 U
Dnase I (20µl). Each tube received 50µl DNase incubation mix and was
incubated at room temperature (23oC) for 15 minutes. After this
incubation period, 200µl DNA stop solution was added followed by an
addition of 600µl RNA wash solution and centrifugation for 2 minutes.
The washing step was repeated with addition of 250µl of RNA wash
solution and centrifuged for 2 minutes. The extracted RNA was eluted
from the column with an addition of 100µl nuclease-free water. After a 1minute centrifugation, the column was discarded, and the remaining
sample was stored for further use in analyzing the RNA.

Determination of the purity of extracted RNA:
A spectrophotometer was used to estimate the purity of the
extracted RNA before removal of the genomic DNA. In order to perform
the spectrophotometer, 10µl of sample (brain, liver, testes and ovary) was
diluted with 90µl ddH2O making a 1:10 dilution. Although the RNA was
treated with DNase during the RNA extraction process, analyzing the
purity of RNA using the spectrophotometer indicated that the RNA was
not pure enough to be used in the RT-PCR analysis (data not provided);
therefore a different DNase reaction was performed to remove the
genomic DNA.
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Removal of genomic DNA from the extracted RNA:
The extracted RNA was treated with different DNA removal
procedures to remove genomic DNA. For this procedure a DNase
treatments was performed using RQ1 RNase-free DNase from Promega
(Madison, WI). RQ1 RNase-free DNase treatment was performed in a 11µl
final volume containing 10X RQ1 RNase-free DNase reaction buffer (1µl),
RNA sample, and 1.0 U RQ1 RNase-free DNase enzyme (1µl). The mix
was incubated at 37oC for 30 minutes; then an additional 1.0 U RQ1
RNase-free DNase enzyme (1µl) was added and incubated for another 30
minutes. After the incubation period, RQ1 DNase stop solution (2µl) was
added to the tubes and incubated at 65oC for 10 minutes.

Determination of the purity of the extracted RNA after removal of the
genomic DNA:
A spectrophotometer was used to estimate the quality of the
treated RNA. In order to perform the spectrophotometer, 10µl of sample
(brain, testes, and ovary) was diluted with 90µl ddH2O making a 1:10
dilution (data not provided).

The use of a universal gene as a control for RT-PCR procedure:
Prior to proceeding with analyzing the expression of various
elements, it is necessary to use a housekeeping gene as a control to
determine if RT-PCR products could be obtained in each tissue. The
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control gene used in this experiment is β-Actin (which encodes a protein
that is expressed in the cytoskeleton of all cells). The following primer set
was used to analyze the transcription of actin in Peromyscus maniculatus
somatic and germ-line tissues:

ActinF: 5' GCTCCGGCATGTGCAA '3
ActinR: 5' AGGATCTTCATGAGGTAGT '3

One- step Reverse- transcriptase (RT) PCR: Amplification of the isolated
RNA:
To amplify LINE and mys elements, the Access RT- PCR system
(Promega Madison, WI) was used. The set of primers used to amplify the
LINE element were designed based on the consensus sequences of the
ORF2 (open reading frames) regions purchased from BIONEER (Alameda,
CA). The set of primers used to amplify the mys elements were derived
from the ORF1 region of Peromyscus maniculatus mys element purchased
from Integrated DNA technologies (IDT) company (Coralville, Iowa). The
primer sets were as follow:
LINE 72F

5' ATACAAGATCAACTCA '3

LINE 365R

5' ATTGAATCTGTAGATTGCTT '3

Mys 620F

5' GCAAGCAACTTCGGGAATCT '3

Mys 1100R

5' AAGTCTTCTAGGTATACATA '3
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Access RT-PCR (a one-tube, two-enzyme system) was performed to
amplify LINE and mys elements. The mastermix (a 1X working solution)
for this RT-PCR reaction consists of 30-50ng template RNA sample (2µl)
(brain, testes, liver, and ovary), 5X AMV/Tfl reaction buffer (10µl), 0.4mM
dNTP mix (2µl), 2.5mM of forward and reverse primers (LINE 72F/LINE
365R and Mys 620F/Mys 1100R), 2mM MgSO4 (4µl), 5.0 U AMV reverse
transcriptase enzyme (1µl) and 5.0 U Tfl DNA polymerase enzyme (1µl)
followed by the addition of nuclease-free water (28µl) to make a total
volume of 50µl for each reaction. As a control for DNA contamination,
two other sets of master mix for each primer set were prepared without
the RT (reverse-transcriptase) enzyme to perform a no-RT PCR reaction.
The PCR tubes with RT-enzyme and the tubes with no RT-enzyme were
placed in the thermocycler. The condition for first strand cDNA synthesis
is 1 cycle for the reverse transcription activity at 45oC for 45 minutes,
and 1 cycle for AMV RT enzyme inactivation and RNA/primer
denaturation at 94oC for 2 minutes. Conditions for the second strand
cDNA synthesis and PCR amplification were as follows: 40 cycles of (94oC
for 30 seconds, 41oC for 1 minute, and 68oC for 2 minutes) followed by 1
cycle of final extension at 68oC for 7 minutes and hold in 4oC. Samples
were mixed with 4µl 6X blue- orange loading dye (Promega, Madison, WI)
and electrophoresed on a 1.5% agarose gel in 1X TAE buffer, at 150v.
The gels were then stained with GelRed (Biotium, Hayward, CA) for

30

30minute. The ladder used in gels was GeneRuler 1kb plus DNA ladder
(Fermentas Molecular Biology Products, Glen Burnie, MD).

Gel excision:
In order to analyze a band directly from the gel, the band was
excised from the gel using the Wizard SV gel cleanup system (Promega,
Madison, WI). The excised gel was placed in a 1.5ml tube. 100µl of
membrane binding solution was added to the tube and was incubated at
65oC for 10 minute and centrifuged briefly. The dissolved gel was
transferred to the SV mini column and incubated at room temperature
for 1 minute. After a 1 minute centrifugation (14,000 x g) the flow
through was discarded. 700µl membrane wash solution was added and
centrifuged for 1 minute. The flow through was discarded and the
washing step was repeated with 500µl wash solution and centrifuged for
5minute. The tube was emptied and was centrifuged for an additional
minute with the lid open. The mini column was transferred to a new
1.5ml tube. To elute DNA from the column, 50µl nuclease-free water was
added and incubated at room temperature for 1 minute and centrifuged
for 1minute.

Two-step RT-PCR: Synthesis of cDNA:
To detect the expression of various SINE elements, a two-step RTPCR was performed. This procedure consists of a cDNA synthesis and
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using the synthesized cDNA to perform RT-PCR. The primer used to
construct the cDNA was the RACE primer (rapid amplification of cDNA
ends) (Hirano, 2004). The reaction tube (in a working solution of 1X) for
cDNA synthesis consists of 5mM MgCl2 (4µl), 5X RT buffer (2µl), 1mM
dNTP mix (2µl), 20.0 U RNasin plus RNase inhibitor (0.5µl), 15.0 U of the
AMV RT enzyme (0.6µl), the RACE primer (1µ), nuclease-free water (7.9µl)
and 30-50ng of template RNA (2µl) making a final volume of 20µl. The
reaction tubes were then placed in the thermocycler. The condition for
cDNA synthesis was as followed: 42oC for 15 minutes, 95oC for 5
minutes, and 4oC for 5 minutes. The product was then diluted in 80µl
ddH2O to the total of 100µl. In order to get rid of RNA Pol II transcripts
the amplified cDNA was run through columns (micrococon centrifuge
filter devices) by adding 30µl of the amplified cDNA into the column. The
tube containing the column was centrifuged in 14,000 x g for 12 minute.
The micrococon centrifuge filter device was use (purchased from the
Millipore corporation [Bedford, MA]) to be certain of RNA Pol III
transcripts. By using columns, only products smaller than 200bp can go
through, so not all the amplified product was run since I wanted to
detect the expression of 7SL, which is about 300bp long.

Two- step RT-PCR using synthesized cDNA:
The expression of B1 SINEs, B2 SINEs, ID elements, and the 7SL
gene in somatic and germ-line tissues of Peromyscus maniculatus was
32

detected using a two-step RT-PCR. The forward primers used are as
followed:

B1 F cricetidae consensus

5' CAAACGCCTTTAATCCTAGC '3

Pm B2 F

5' CTGGAGAGATGGGTCAG '3

Pm ID F

5' GCAAGCAACTTCGGGAATCT '3

7SL F

5' GATCGGGTGTCCGCACTAAGTTCGG '3

The reverse primer used in all these reactions was the C-RACE primer
with the following sequence: 5'GCCTTCGAATTCAGGTT'3. For the twostep RT-PCR, each reaction (a 1X working solution) tube contained
cDNA, 5X GoTaq buffer (Promega, Madison, WI)(10µl), 0.5 dNTP (1µl), 2µl
of 2.5mM forward primers (B1, B2, ID and 7SL), 2µl of 2.5mM C-RACE
primer, 2.5 U Gotaq enzyme (Promega, Madison, WI) (0.5µl) and
nuclease-free water (24.5µl) to make a total of 50µl. The tubes were
prepared to perform the RT-PCR reaction. After an initial 2 minute
denaturation at 95oC, 32 cycles were performed (94oC for 1 minute, 50oC
for 1 minute and 72oC for 1 minute), followed by a final 5-minute
extension at 72oC. Samples were mixed with 5µl 6X blue-orange loading
dye (Promega, Madison, WI), and electrophoresis was conducted on an
agarose gel in 1X TAE buffer, at 150v.
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Ligation of RT-PCR products:
The plasmid used for cloning the RT-PCR products was pGEM- T
easy vector (Promega, Madison, WI). For this ligation reaction, 3µl of the
RT-PCR product, amplified LINE, mys and various SINE elements, was
mixed with 5µl 2X buffer, 50ng/ µl pGEM- T easy vector and 5U of the T4
DNA ligase enzyme. The total volume was 10µl. The ligation mix was
incubated at room temperature for 60 minutes and then stored at 4oC for
further use in the transformation reaction.

Transformation of Ligated plasmid into competent cells:
The cells used for the transformation reaction were JM109 high
efficiency competent cells (Promega, Madison, WI). 2µl of the ligation
reaction was added to 50µl JM109 cells. The mix was incubated in ice for
20 minutes. In order to heat-shock the mixture, the tube was placed in a
heat block set at 42oC for 50 seconds and then immediately transferred
to ice for 2 minutes. 950µl SOC media (Cellgro mediatech inc.,
Manassas, VA) was added to the transformation reaction using filtered
pipet tips. This mixture was then incubated in a 37oC water bath shaker
for 90 minutes. The media used for the growth of the transformed cells
was LB/ Ampicillin media. In order to prepare the LB/Ampicillin media
for transformation reaction, 100µl of 100mM IPTG was added to the
plated media followed by 20µl 1mg/µl XGal. After a 90-minute period in
the shaker, 100-150µl of the transformation culture was plate in the
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LB/Ampicillin/IPTG/XGal media. In order for the cells to grow, the plates
were incubated at 37oC overnight.

Selection of transformed colonies:
The selection of transformed colonies was based on the formation
of blue and white colonies. The white colonies indicate that the cells have
taken up the ampicillin resistant plasmids with the insertion of the PCR
product within the lacZ gene. Tubes with 3ml of LB/Ampicillin broth
were prepared. White colonies were then selected. When a colony was
selected, it was picked up using a sterile wooden applicator and then
transferred to a patch plate (to reserve the colonies for further analysis)
and then inoculated in the previously prepared LB/Ampicillin broth. The
colonies were then allowed to grow in 37oC shaker for overnight.

Isolation of the plasmid DNA (minuteipreps):
Isolation of plasmid DNA from the transformed cells was performed
using AccuPrep plasmid mini extraction kit minipreps DNA (Bioneer,
Alameda, CA). The LB/Ampicillin cultured broth was vortexed, and
1500µl broth was transferred to 1.5ml tube. After a 5-minute
centrifugation at 14,000 x g, the supernatant was discarded and then the
reaction was repeated for the remaining 1500µl culture. 250µl of buffer
1(cell resuspension solution) was added to the tube and the cells were
completely resuspended by pipetting and vortexing. The protocol was
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followed by an addition of 250µl of buffer 2 (cell lysis solution). Then
350µl of buffer 3 (neutralization solution) was added to the tube and
immediately inverted. After a 10-minute centrifugation at 14,000 x g, the
supernatant was transferred into 2ml spin columns and centrifuged for 1
minute. The flow through was discarded and then 500µl of buffer D
(denaturation buffer for plasmid) was added, after 5 minute incubation at
room temperature, a 1-minute centrifugation was performed. 700µl of
buffer 4 (column wash solution) was added and centrifuged for 1 minute.
The spin column was then transferred to a 1.5ml tube. To perform the
elution step, 100 µl of buffer 5 (nuclease-free water) was added to the
spin column and centrifuge for 1 minute.

Restriction digestion of isolated plasmid:
The digestion reaction tubes contained plasmid DNA, 2µl
10Xbuffer H (Promega, Madison, WI), 12.0 U EcoRI enzyme (Promega,
Madison, WI) (1µl) and 5µl ddH2o. The total volume was 20µl. The tubes
were incubated at 37oC for 2 hours followed by a 20-minute enzymedeactivating step at 65oC. This reaction was performed to verify the insert
size in the plasmid.

Gel electrophoresis to analyze the digested plasmids:
A 1.5% gel was prepared to analyze the insert within the plasmid.
The gel was stained with ethidium bromide and was analyzed under UV
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light. The ladder used in all gels was GeneRuler 1kb plus DNA ladder
(Fermentas Molecular Biology products, Glen Burnie, MD).

Preparation of samples for sequencing:
In order to prepare the samples to be sent for sequencing, 12µl of
samples were transferred to a 1.5 ml tubes. These samples were chosen
based on the results from the EcoRI digestion reaction where the digested
clones indicated an insert within the plasmid DNA. These samples were
then sent out to Functional Biosciences DNA (Madison, WI) for
sequencing.

DNA sequence analysis:
After the sequences were received from the sequencing company,
they were analyzed by the NCBI BLAST search tool
(www.ncbi.nim.nih.gov/blast) in order to determine the identity of the
submitted samples. By the use of the MacVector software, a consensus
sequence was obtained and these sequences were aligned (in order to
verify the regions of similarity between various sequences) using the
ClustalW function of the MacVector software.
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Chapter 3: Results
Various retrotransposons were analyzed to assess loci transcribed
within various Peromyscus tissues, in order to determine potential
master genes responsible for the amplification of these retrotransposons
in somatic and germ-line tissues of Peromyscus maniculatus. Prior to
analyzing the transcription loci of LINE, mys and various SINE elements,
the expression of β-actin was analyzed by RT-PCR indicating
transcription of this housekeeping gene in all studied tissues (data not
provided).

More than one master gene is responsible for the amplification of
LINE elements in Peromyscus maniculatus somatic and germ-line
tissues:
Figure 8 displays the expression of LINE retrotransposons detected
by the use of the RT-PCR technique using the Access one-step RT-PCR
(Promega, Madison, WI) on somatic and germ-line tissues of Peromyscus
maniculatus. A no-RT control was also performed to be certain that all
the genomic DNA was removed during the DNase treatment reaction
(Figure 9). The primers used to generate the LINE transcripts were
designed based on the ORFII regions of LINE elements since ORFII
encodes several domains that remained conserved in all mammalian L1
elements, a NH2-terminuteal endonuclease (EN) domain (Feng et al., 90516), a central reverse transcriptase (RT) domain (Mathias et al., 1808-10)
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and a COOH-terminal zinc knuckle-like domain (Fanning and Singer,
2251-60).
The expected band size was approximately 293bp; however, as
depicted in Figure 8, by running these RT-PCR products through gel
electrophoresis, two bands of sizes almost 300bp and 400bp in brain,
testes, and liver tissues, whereas a very faint band was detected in the
ovary with a band size of 400bp. This 400bp band was directly excised
from the gel and cloned in order to confirm the identity of this band. The
formation of two distinct bands on an electrophoresis gel may indicate a
different subfamily of LINE; however, the BLAST search tool does not

Ovary

Liver

Testes

fragment.

Brain

Marker

show any difference between the identity of the 300bp and the 400bp

700 bp
400 bp
300 bp
200 bp
75 bp

Figure 8. The RT-PCR products of LINE ORF2 analyzed on a 1.5%
agarose gel.
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No-RT Ovary

No-RT Liver

No-RT Testes

No-RT Brain

Marker
700 bp
300 bp
75 bp

Figure 9. No RT-PCR products was detected on a 1.5% agarose gel after
running a RT-PCR reaction without the RT enzyme added, therefore
indicating no genomic contamination in the RNA of different tissues
when analyzing the LINE element.

The RT-PCR products from 14 cloned LINE products from the brain
tissue were analyzed using the EcoRI restriction enzyme. Figures 10-12
depict the 5 clones chosen for sequencing. In addition, 13 cloned RT-PCR
products derived from the testes tissue were analyzed with the EcoRI
restriction enzyme. All 13 samples contained an insert, and 9 samples
were chosen for sequencing (Figure 13-15). The expected size for the
EcoRI digest fragment was approximately 300bp, and this size was
observed in all the inserts in the brain and testes samples.
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Brain 4

Brain 3

Brain 2

Brain 1

Marker
500 bp
250 bp

Brain 6

Brain 7

Brain 9

Brain 8

Brain 10

Marker

Figure 10. An EcoRI digest on four cloned RT-PCR fragments from the
brain samples for confirming LINE inserts. White arrow indicates the
sample that was submitted for sequencing. Marker was Bench Top DNA
marker (Promega).

850 bp
400 bp

100 bp

Figure 11. An EcoRI digest on five cloned RT-PCR fragments from the
brain samples for confirming the LINE insert. White arrows indicate the
samples submitted for sequencing. Marker was FastRuler (Fermentas).
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Testes 4

Testes 3

Testes 2

Testes 1

Marker
700 bp
400 bp
200 bp
75 bp

Testes 5

Testes 6

Testes 7

Testes 8

Marker

Figure 12. An EcoRI digest on four cloned RT-PCR fragments from the
testes samples for confirming the LINE insert. White arrows indicate the
samples submitted for sequencing.

700 bp
400 bp
200bp
700 bp 75 bp

Figure 13. An EcoR1 digest on four cloned RT-PCR fragments from the
testes samples for confirming the LINE insert. White arrows indicate the
samples submitted for sequencing.
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Testes
11

Testes
10

Testes 9

Testes 8

Testes 7

Marker
850 bp
400 bp

100 bp

Figure 14. An EcoRI digest on four cloned RT-PCR fragments from the
testes samples for confirminuteg the LINE insert. White arrows indicate
the samples submitted for sequencing. Marker was FastRuler
(Fermentas).
The 400bp fragment derived from the testes sample was excised
from the gel and cloned. After cloning the RT-PCR products from testes
and ovary and purification of the plasmid DNA, it was decided to use the
NotI digestion reaction enzyme. This was because I wanted to make sure
that the size variation was not due to an internal EcoRI site. This
restriction enzyme digestion reaction was performed on 4 cloned RT-PCR
fragments from the testes and 4 cloned RT-PCR fragments from the ovary
samples. The ovary samples did not produce any bands after the Not1
digestion reaction, whereas an insert was observed in all of the testes
samples (Figure 15). Also, a comparison was made between the results of
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a NotI digest on two testes samples. One sample was purified from the
300bp fragment and the other from the 400bp cloned RT-PCR fragments
from the testes sample (Figure 16). It was expected to observe different
sizes of restriction digest fragments; however, this was not observed, and
both digested fragments indicate a similar band size. Two cloned RT-PCR
fragments from the testes were chosen to be submitted for sequencing.
Also, despite the finding that only a fragment insert smaller than
expected was observed for the ovary clones, the sample was submitted

Ovary17

Ovary16

Ovary15

Ovary14

Testes 4

Testes 3

Testes 2

Testes 1

Marker

for sequencing.

850 bp
400 bp
100 bp

Figure 15. A NotI digest on four cloned RT-PCR fragments from the testes
samples and four cloned RT-PCR fragments from the ovary samples for
confirming the LINE insert. White arrows indicate the samples submitted
for sequencing. Marker was FastRuler (Fermentas).
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Testes 7

Testes 3b
(400bp)

Marker
500 bp
250 bp

Figure 16. A comparison between the Not1 digest of two cloned RT-PCR
fragments from the testes samples. The testes 3b is the clone isolated
from the 400bp fragment and testes 7 is the clone isolated from the
300bp fragment. The marker is Bench Top ruler (Promega).
After the sequences were received from the sequencing company
(Functional Biosciences, Madison, WI), they were analyzed by the NCBI
BLAST (Basic Local Alignments Search Tool)
(www.ncbi.nim.nih.gov/blast) in order to verify if these products were
LINE elements expressed in Peromyscus maniculatus. The BLAST
software was used to explore all of the available sequences in the
database. The scores generated in the BLAST search have a well-defined
statistical interpretation, making it easier for the user to distinguish real
matches from random background hits. Figures 17 and 18 indicate the
sequenced clones derived from the brain and testes tissues which were
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used in further analysis of the LINE element in this project. The
sequences of two testes and one ovary samples representing the 400bp
fragment of LINE elements are presented in Figure 19. The clone
generated from the RT-PCR reaction on the ovary sample indicated no
product within the plasmid DNA.
Pm LINE brain1
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCCTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACACCACCCTTTACA
ATAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGA
AAGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGA
TATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACAT
AGTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAG
TGAATTC
Pm LINE brain 6
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCCTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACACCACCCTTTACA
ATAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGA
AAGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGA
TATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACAT
AGTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAG
TGAATTC
Pm LINE brain 7
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCCTATACA
CAAATGATAAAAGGGCAGAGAAAGAAGTCAGAGAAACATCACCCTTTACA
ATAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGA
AAGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGA
TATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACAT
AGTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAG
TGAATTC
Pm LINE brain 8
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCCCCTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACAA
TAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGAA
AGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGAT
ATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACATA
GTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAGT
GAATTC
Figure 17. Sequences for 4 brain clones for analyzing LINE elements. The
bold letters represent the EcoR1 sites and the underline letters are the
forward and reverse primers.
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Pm LINE testes 1
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGCAGCCCTCCTATACA
CACATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACA
ATAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGA
AGGACCTTTTTGACAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAG
ATATCAGAAAATGGAAGGATCCCCCATGCTCATGGATAGGTAGGATTAACA
TAGTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTA
GTGAATTC
Pm LINE testes 2
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCNTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACAA
TAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGAA
AGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGAT
ATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACATA
GTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAGT
GAATTC
Pm LINE testes 3
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGCAGCCCTCCTATACA
CACATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACA
ATAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGA
AGGACCTTTTTGACAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAG
ATATCAGAAAATGGAAGGATCCCCCATGCTCATGGATAGGTAGGATTAACA
TAGTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTA
GTGAATTC
Pm LINE testes 5
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCTTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACAA
TAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGAA
AGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGAT
ATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGCAGGATTAACATA
GTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAGT
GAATTC
Pm LINE testes 6
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCTTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACAA
TAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGAA
AGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGAT
ATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGCAGGATTAACATA
GTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAGT
GAATTC
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Pm LINE testes 7
GAATTCGATTATACAAGATCAACTCAAAAATATCAGTAGCCCTCCTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACTCTTTATAA
TAGCCACAAATATTATAAAATACCTTGGGATAACACTAACTAAATAAGTGAA
AGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGAT
ATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACATA
GTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAGT
GAATTC
Pm LINE testes 8
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCCTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACAA
TAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGAA
AGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGAT
ATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGCAGGATTAACATA
GTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAGT
GAATTC
Pm LINE testes 10
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCCTATANA
CAATGGANAAAGNGGCTGAGAAGGNANTTAGAGATACATCACCCTTTACA
ATAGCCACAAATGACATAAAATACCTTGGGGTAACACTAACNAAGCAAGTG
AAGGACCTTTNTGANAANAACTTTAAGTCNCTGAAGAAAGAAATTGAAGAA
GATCTCAGAAAATGGAANGATCTCCCATGCTCATGGATAGGCAGGGTTAA
CATAGTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCAC
TAGTGAATTC
Figure 18. Sequences for 8 testes clones for analyzing LINE elements.
The bold letters are the EcoRI site and the underlined letters are the
forward and reverse primers.
Pm LINE ovary 15
GAATTCGATTATACAAGATCAACTCAAGCAATCTACAGATTCAATAATCAC
TAGTGAATTC
Pm LINE testes 3B
GAATTCGATTATACAAGATCAACTCAAAAAAAATCAGTAGCTCTCCTATAC
ACAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCATTAC
AATAGCCACAAATAATATAAAATACCTTGAGGTAACACTAACTAAACAAGTG
AAGGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAG
ATATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACA
TAGTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTA
GTGAATTC
Pm LINE testes 4B
GAATTCGATTATACAAGATCAACTCAAAAAAATCAGTAGCCCTCCTATACA
CAAATGATAAAAGGGCTGAGAAAGAAGTCAGAGAAACATCACCCTTTACAA
TAGCCACAAATAATATAAAATACCTTGGGATAACACTAACTAAACAAGTGAA
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AGACCTTTTTGATAAGAACTTTAAATCTCTAAAGAAAGAAATTGAAGAAGAT
ATCAGAAAATGGAAGGATCTCCCATGCTCATGGATAGGTAGGATTAACATA
GTAAAAATGGCAATCTTACCAAAAGCAATCTACAGATTCAATAATCACTAGT
GAATTC
Figure 19. Sequences for 2 testes and 1 ovary clones for analyzing the
400bp fragment of LINE elements. The bold letters represent the EcoRI
site and the underlined letters are the forward and reverse primers.
A BLAST search was performed on a total of 15 brain, testes,
and ovary samples to analyze the identity of these samples. The result
identified all these samples (with the exception of the ovary clone) as
Peromyscus LINE elements (Table 3). Since the reasons why no LINE
element was detected in the ovary and therefore no clones were analyzed
from the ovary, it is inconclusive to state that the male germ-line is solely
responsible for the inherited retrotransposition events in Peromyscus
maniculatus. While the reason(s) for detection of two fragments with
different sizes and that extra 100nt is unknown, the BLAST search also
indicates that there is no difference between the identity of the 300bp
fragment and the 400bp fragment derived from the testes tissue. The NotI
digest also confirmed that the size variation was not due to an internal
EcoRI restriction site (Figure 16). One thing that is needed to be pointed
out is that there was no test performed to determine if the purchased
gonadal tissues were pure, and no stromal cells or epithelial cells were
associated with these tissues.
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Table 3: Results of the BLAST searches for the brain, testes and ovary
samples to analyze the identity of these samples as LINEs.
Accession
Pm LINE
Brain 1
Brain 2
Brain 7
Brain 8

Pm LINE
Testes 1
Testes 2
Testes 3
Testes 5
Testes 6
Testes 7
Testes 8
Testes 10
Testes 3B
Testes 4B

Description

Max
Score
464

Total
Score
464

Query
coverage
99%

DQ272907.
1

Peromyscus
maniculatus
clone Pman53w
LINE-1
retroposon ORF
II
pseudogene,
partial sequence
Length=576

AY041539.1

Peromyscus
maniculatus
clone Pman18
LINE-1
retroposon ORF
II
pseudogene,
partial sequence
Length=575

460

460

U70930.1

Peromyscus
maniculatus
LINE-1 repetitive
element reverse
transcriptase
pseudogene,
partial cds
Length=612

460

460

100%

DQ272907.
1

Peromyscus
442
maniculatus
clone Pman53w
LINE-1
retroposon ORF II
pseudogene,
partial sequence
Length=576

442

99%
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100%

E
value
2e 131

Max
identity
99%

1e-130

99%

1e-130

99%

4e 125

98%

Pm LINE
Ovary 15

AY041539.1

Peromyscus
438
maniculatus
clone Pman18
LINE-1
retroposon ORF II
pseudogene,
partial sequence
Length=575

438

100%

5e 124

U70930.1

Peromyscus
maniculatus
LINE-1 repetitive
element reverse
transcriptase
pseudogene,
partial cds
Length=612

438

100%

5e –
124

438

No significant similarity found

Following the initial characterization (detection, cloning, and
identifying) of the LINE retrotransposons, ClustalW (Thompson et al.,
4876-82) was used to align the nucleotide sequences generated from the
cloned RT-PCR fragments from each tissue. The ClustalW function aligns
the sequences to determine the regions of similarity between them that
may indicate the functional, structural, or evolutionary relationships
between these sequences. ClustalW produces biologically meaningful
sequence alignments; it calculates the best match for selected sequences
and aligns them to identify the similarities and differences.
Figures 20-23 show the alignments between the clones derived
from the brain and the testes tissues to further analyze the LINE
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97%

97%

element. These alignments indicate that although these clones are
derived from highly conserved regions of LINEs, there are regions of
dissimilarities (indicated by red arrows) that suggest the LINE element is
expressed on different loci in brain and testes tissues. Therefore based
on these alignments, I may suggest that more than one master gene is
responsible for the amplification of LINE elements in brain and testes
tissues in Peromyscus maniculatus.

Figure 20. Alignments of the sequences for both brain and testes
samples for analyzing the LINE elements. This figure represents the first
60bp. The red arrow indicates potential subfamily diagnostic variation.
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Figure 21. Alignments of the sequences for both brain and testes
samples for analyzing the LINE elements. This figure represents the
regions of similarity between the locations of 70bp to 120bp. The red
arrow indicates potential subfamily diagnostic variation.

Figure 22. Alignments of the sequences for both brain and testes
samples for analyzing the LINE elements. This figure represents the
regions of similarity between the locations of 130bp to 180bp. The red
arrow indicates potential subfamily diagnostic variation.
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Figure 23. Alignments of the sequences for both brain and testes
samples for analyzing the LINE elements. This figure represents the
regions of similarity between the locations of 190bp to 250bp. The red
arrow indicates potential subfamily diagnostic variation.
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More than one master gene is responsible for the amplification of
mys elements in Peromyscus maniculatus somatic and germ-line
tissues:
To analyze the expressed loci of mys retrotransposons in brain,
liver, testes, and ovary tissues in Peromyscus maniculatus, an Acces onestep RT-PCR (Promega, Madison, WI) was performed. The primers used to
generate RT-PCR fragments for mys elements were based on the ORFI
region of the mys element since Wichman et al. (77-81) proposed a
relationship of ORFI to the reverse transcriptase enzyme. The detected
band size was around 480bp as expected (Figure 24). Figure 25 is

Ovary

Liver

Testes

Brain

Marker

looking at reverse transcriptase as a control reaction.

700 bp
500 bp
300 bp
200 bp
75 bp

Figure 24. RT-PCR products of mys ORF1 analyzed on a 1.5%.
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No-RT Liver
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No-RT Brain
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75 bp

Figure 25. No RT-PCR products was detected on a 1.5% agarose gel after
running a RT-PCR reaction without the RT enzyme added, therefore
indicating no genomic contamination in the RNA of different tissues
when analyzing the mys element.

The cloned mys RT-PCR fragments in brain, testes, and ovary
tissues were digested using the EcoRI restriction digest enzyme. Four
brain clones, indicating inserts with the size expected for the mys
element within the plasmid DNA, were chosen for sequencing and further
analysis. In addition, the EcoRI restriction digest reaction was performed
on the RT-PCR fragments from the testes sample and ovary clones
(Figures 26-30). Six testes clones and 4 ovary clones were chosen for
further analysis based on the restriction digest reaction. Different
fragment sizes were observed in these clones indicating several EcoR1
restriction sites, which may indicate different subfamilies of the mys
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element that has also been previously described in the work of Lee et al

Testes 2

Testes 1

Brain 5

Brain 3
Brain 4

Brain 2

Brain 1

Marker

(44-51).

2000 bp
850 bp
400 bp

100 bp

Testes 3

Testes 4

Testes 5

Testes 6

Brain 4

Brain 3

Brain 2

Brain 1
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Figure 26. An EcoRI digest on five cloned RT-PCR fragments from the
brain and 2 testes samples for confirming the mys insert. White arrows
indicate the samples submitted for sequencing. Marker was FastRuler
(Fermentas).

700 bp
400 bp
200 bp
75 bp

Figure 27. An EcoR1 digest on four cloned RT-PCR fragments from the
brain and four testes samples for confirming the mys insert. White
arrows indicate the samples submitted for sequencing.
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Figure 28. An EcoRI digest on three cloned fragments from the testes and
five ovary samples for confirming the mys insert. White arrows indicate
the samples submitted for sequencing.

700 bp
400 bp
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Figure 29. An EcoRI digest on 4 cloned RT-PCR fragments from the testes
and 4 ovary samples for confirming the mys insert. White arrow indicate
the samples submitted for sequencing.
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Figure 30. An EcoR1 digest on four cloned RT-PCR fragment from the
ovary samples for confirming the mys insert. White arrows indicate the
samples submitted for sequencing.

In order to confirm the mys-based RT-PCR products as mys
transcripts in somatic and germ-line tissues in Peromyscus maniculatus,
the RT-PCR products were cloned and sequenced. A total of 14 samples
(4 samples from the brain tissue, 6 testes samples, and 4 ovary samples)
were prepared for sequencing. The sequences (Figures 31-33) were
analyzed using the BLAST search tool to confirm the identity of these
sequences.
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Pm mys brain1
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTAATGTTTCTCAGCATTATTGGTGCATTC
AAATTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTTAGAAGCAGGAA
TTTTGAGAGGCCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTTTCC
TTGTGTCCCACTTGTCCAGAAAGGACAGCATTGCATTTGTACTGTTAGCCG
TCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAAAAGA
CAAACTTCCAAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGATCAA
TTGGTGCAGCCAGGAGCAATTGTGTCTCATGTCAACAGAATTTTAAGTTAT
TTAAATGCCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTATATAT
GTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys brain 2
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTAATGCTTCTCAGCATTGTTGGTGCATT
CAAATTGGCTATAGGCCTAGAGTATCTGACAGACCATTTTCAGAAGCAGGA
TTTCTGAAAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTTTC
CTTGTGTCCCGCTTGTCCAGAAAGGACAGCATTGCATTTGTACTGTCAGC
CATCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAGAA
GACAAACTTCCCAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGATC
AAATTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTCTAAGT
TATTTAAATGCCATATTCTCCAGGTCTATGAAGTGTTTGAAGATTACCTATC
TATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys brain 3
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTAATAATGTTTCTCAGCATTGTTGGTGC
ATTCAAAGTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTTAGAAGCA
GGAATTCTGAAAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGC
TTTCCTTGTGTCCCGCTTGTCCAGAAAGGACAGCATTGCATTCATACTGTT
AGCCATCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAA
AAAGACAAACTTCCAAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGG
ATCAATTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTTGAA
GTTATTTAAATGCCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTA
TCTATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATT
C
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Pm mys brain 4
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAAATTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTAATGTTTCTCAGCATTGTTGGTGCATT
CAAATTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTTAGAAGCAGGA
ATTCTGAGAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTTTC
CTTGTGTCCCACTTGTCCAGAAAGGACAGCATTATATTTGTACTGTCAGCC
ATCAAGGCAAGGGCAGTTCTTTGTCCAGTAGGCCATTTTGTGCCAAGAAG
ACAAACTTCCGAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGATCA
AATTAGTGCAGTCAGGAGCAATTGTGTCTCATGTCAACAGAATTCTAAGTT
ATTTAAATGCCATATTCTCTAGGTCTATGAAGTATTTGAAGATTACCTATCT
ATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Figure 31. Sequences for 4 brain samples for analyzing mys elements.
The bold letters represent the EcoRI sites and the underlined letters are
the forward and reverse primers.
Pm mys testes 1
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCCAATGTTTCTCAGCATTATTGGTGCATT
CAAATTGGCTACAGGCCTAGAGTATCTGACAGACCATCTTCAGAAGCAGG
AATTCTGAAAGACCATCTCACCCTGTCTTGGCAGAGTACAGTGGTCGCTTT
CCTTGTGTCCCGCTTGTCCAGGAAGGACAGCATTGCATTCGTACTGTCAG
CCGTCAAGGCAAGGGCAGTTCTCTGCCCAGTAGGCCATTTTGTGCCAAGA
AGACAAACTTCCAAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGAT
CAAATTGGTGCAGCCAGGAGCAATTGCGTCTCATGTCAACAGAATTCTAA
GTTATTTAAATGCCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTA
TCTATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATT
C
Pm mys testes 2
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGTCTGGACAGTCACCTAATGTTTTTCAGCATTGTTGGTGCATTC
AAATTGGCTACAGGCCTAGAGTATATGACAGACCATTTTTTATAAGCAGGA
ATTCTGAAAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTTTC
TTGTGTCTCGCTTGTCCAGAAAGGACAGCATTGCAATTGTACTGTCATCTG
TCAAAGCAAGGGCAGTTCTTTGCCCAGTAGACCATTTTGTGCCAAGAAGA
CAAACTTCCGAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGATCAA
ATTGTGCAACTAGGAGCAATTGTGATTCATGTCAACAGAATTCTAAGTTATT
TAAATGTCATATTCTCTAGGTCTATGAAGTTTTTGAAGATTACCTATCTATCT
GAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
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Pm mys testes 4
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTGATGTTTCTCAGCATTGTTGGTGCATT
CAAATTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTCAGAAGCAGG
AATTCTGAGAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTTT
CCTTGTGTCCCGCTTGTCCAGAAAGGACAGCATTGCATTTGTACTGTCAG
CCGTCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAAA
AGACAAACTTCCAAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGAT
CAATTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTCTAAGT
TATTTAAATGCCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTATC
TATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys testes 6
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTGATGTTTCTCAGCATTGTTGGTGCATT
CAAATTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTCAGAAGCAGG
AATTCTGAGAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTTT
CCTTGTGTCCCGCTTGTCCAGAAAGGACAGCATTGCATTTGTACTGTCAG
CCGTCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAAA
AGACAAACTTCCAAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGAT
CAATTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTCTAAGT
TATTTAAATGCCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTATC
TATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys testes 7
AAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTGATGTTTCTCAGCATTGTTGGTGCATT
CAAATTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTCAGAAGCAGG
AATTCTGAGAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTTT
CCTTGTGTCCCGCTTGTCCAGAAAGGACAGCATTGCATTTGTACTGTCAG
CCGTCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAAA
AGACAAACTTCCAAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGAT
CAATTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTCTAAGT
TATTTAAATGCCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTATC
TATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys testes 8
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTAATGTTTCTCAGCATTGTTGGTGCATT
CAAATTGGCTACAGGCCTAGAGTATCTGACAGGCCATTTTCAGAAGCAGG
AATTCTTAAAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTTGTTTT
CCTTGTGTCCAGCTTGTCCAGAAAGGATAGCATTGCATTTGTACTGTCAGC
CATCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAAAA
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GACAAACTTCCAAATTGAAATGTCTTAGAAGCCCAACATTCTCTCGGGATC
AAATTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTCTAAGT
TATTTAAATGTCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTATC
TATCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Figure 32. Sequences for 6 testes samples for analyzing Mys elements.
Bold letters represent the EcoR1 sites and the underlined letters are the
forward and the reverse letters.
Pm mys ovary 1
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTGATGTTTCTCAGCATTGTTGGTGCATT
CAAATTGGCTACAGGCCTAGAGTAGCTGACAGACCATTTTCAGAAGCAGG
AATTCTGAAAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCACTTT
CCTTGTGTCCAGCTTATCCAGAAAGGACAGCATTGCATTTGTACTGTCAGC
CATCAAGGCAAGGGTAGTTCTCTGCCCAGTAGGCCATTTTGTGCCAAAAA
GACAAACTTCCAAATGGAAAGGTCTTAGAAGCCCAACATTCTCTCGGGATC
AATTGGTACAGCCAGGAGCAATTGTGTCTCACATCAACAGAATTTTAAGTT
ATTTAAATGTCATATTTCCTAGGTTTATGAAGTGTTTGAAGATTACCTATCTA
TCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys ovary 3
GAATTCGATTAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACAGCT
GGCAGCCTGGACAGTCACCTAATGTTTCTCAGCATTGTTGGTGCATTCAAA
TTGGTTATAGGCCTAGAGTATCTGACAGACCATTTTCAGAAGCAGGATTTC
TGAAAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCGCTCTCCTT
GTGTCCCGCTTGTCCAGAAAGGACAGCATTGCATTTGTACTGTCAGCCAT
CAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAGAAGAC
AAACTTCCCAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGATCAAA
TTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTCTAAGTTAT
TTAAATGCCATATTCTCCAGGTCTATGAAGTGTTTGAAGATTACCTATCTAT
CTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys ovary 4
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAGAGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTAATGTTTCTCAGCATTGTTGGTGCATTT
AAATTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTTAGAAGCAGGAA
TTCTGAAAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCACTTTCC
TTGTGTCCCGCTTGTCCAGGAAGGACAGCATTGTATTTGTACTGTCAGCCA
TCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAAAAGA
CAAACTTCCCAATGGAAATGTCTTAGAAGCCCAACATTCTCTCGGGATCAA
TTGGTGCAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTTTAAGTTAA
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TTTAAATGCCATATTCTCTAGGTCTATGAAGTGTTTGAAGATTACCTATCTA
TCTGAAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Pm mys ovary 8
GAATTCGATTGCAAGCAACTTCGGGAATCTTGCAAANGTAGACCAAGACA
GCTGGCAGCCTGGACAGTCACCTAATGTTTTTCAGCATTGTTGGTGCATTC
AAATTGGCTACAGGCCTAGAGTATCTGACAGACCATTTTTAGAAGCAGGAA
TTTTAAGAGACCATCTTACCCTGTCTTGGCAGAGTACAGTGGTCACTTTCC
TTGTGTCCCGCTTGTCCAGAAAGGACAGCATTGCATTTGTACTGTCAGCCA
TCAAGGCAAGGGCAGTTCTTTGCCCAGTAGGCCATTTTGTGCCAAGAAGA
CAAACTTCCAAATGGAAATGTCTTAGAAGCCCAACATTCTCTCCGGAACAA
ATTGACGTAGCCAGGAGCAATTGTGTCTCACGTCAACAGAATTCTAAGTTA
TTTAAATGCCATATTCTCTAGGCCTATGAAGTGTTTAAAGATTACCTATCTG
AAATATATCTATGTATACCTAGAAGACTTAATCACTAGTGAATTC
Figure 33. Sequences of 4 ovary samples for analyzing mys elements. The
bold letters represent the EcoR1 sites and the underlined letters are the
reverse and forward primers.
The BLAST tool was used to analyze the identity of the sequences
generated from the cloned mys-RT-PCR fragments from the brain, testes,
and ovary tissues in Peromyscus maniculatus. When performing the
BLAST search, the parameters were set to match the sequences to that of
Peromyscus (Table 4). Four brain clones, 6 testes, and 4 ovary clones
were identified as Peromyscus leucopus retrovirus-like transposable
element mys-1 (accession X02855.1). The generated scores by the BLAST
search for both the ovary and testes clones may suggest that both germlines are seemingly equally responsible for transferring the mys element
to the next generation.
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Table 4: Results of the BLAST search on the cloned RT-PCR fragments
from the brain, testes and ovary samples for identifying Mys elements.
Accession

Description

Pm mys
Brain 1
Brain 2
Brain 3
Brain 4

X02855.1

Peromyscus
leucopus
retrovirus-like
transposable
element mys-1
Length=2900

Pm mys
Testes 1
Testes 2
Testes 4
Testes 6
Testes 7
Testes 8

X02855.1

Pm mys
Ovary 1
Ovary 3
Ovary 4
Ovary 6
Ovary 8

X02855.1

Peromyscus
leucopus
retrovirus-like
transposable
element mys-1
Length=2900
Peromyscus
leucopus
retrovirus-like
transposable
element mys-1
Length=2900

Max
Score

Total
Score

Query
coverage

E
valu
e

Max
identity

763
747
732
713

763
747
732
713

91%
100%
100%
100%

0.0
0.0
0.0
0.0

97%
97%
96%
95%

730
658
741
702
802
736

730
658
741
702
802
736

100%
100%
100%
99%
100%
100%

0.0
0.0
0.0
0.0
0.0
0.0

96%
93%
97%
95%
99%
96%

736
741
741
108
676

736
741
741
108
676

100%
100%
100%
51%
97%

0.0
0.0
0.0
6e24
0.0

96%
97%
97%
76%
95%

Four sequences derived from the brain tissue were aligned by the
use of the ClustalW to further analyze the mys element. Figures 34-36
depict the regions of similarity between these sequences, suggesting that
the mys element is expressed from more than one loci in the brain
tissue. This suggestion is based on the variation in base pairs that are
indicated by red arrows in the images. Two brain samples (brain 1 and
brain 3) were missing sequences at locations 425bp-448bp and therefore
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did not align with brain 2 and brain 4 in these regions. This may be due
to a deletion in this location.

Figure 34. Alignment of 4 brain samples to analyze mys elements.
The figure shows the first 90bp of the alignments.
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Figure 35. Alignment of 4 brain samples to analyze the mys elements.
The figure shows the regions of similarity between 100 to 270bps. The
red arrows indicate potential subfamily diagnostic variation.
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Figure 36. Alignment of 4 brain samples to analyze the mys elements.
This figure shows the regions of similarity between 280bp to 450bp. The
red arrows indicate potential subfamily diagnostic variation.
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The alignments of the 4 sequences (Figures 37-39) derived from the
ovary tissue suggests that the mys elements is expressed from more than
one locus in the ovary tissue of Peromyscus maniculatus. This suggestion
was based on the variation in base pairs in locations indicated by red
arrows.

Figure 37. Alignment of 4 ovary samples to analyze the mys elements.
This figure shows the regions of similarity between the first 90bp of these
sequences. The red arrow indicates potential subfamily diagnostic
variation.
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Figure 38. Alignment of 4 ovary samples to analyze the mys elments.
This figure show the regions of similarity between 100bp to 270bp. The
red arrows indicate potential subfamily diagnostic variation.
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Figure 39. Alignment of 4 ovary samples to analyze the mys element.
This figure shows the alignment between 280bp up to 450bp. The red
arrows indicate potential subfamily diagnostic variation.
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Six sequences generated from the cloned mys RT-PCR fragments
from the testes tissue were aligned to demonstrate the similarites and
differences between these sequences in order to analyze if one or more
loci are responsible for the expression of the mys element in the testes
tissue. The alignments are presented in Figures 40-42, indicating that
the mys element is expressed from more than one locus in the testes
tissue; therefore, potentially more than one master gene is responsible
for the expression of the mys element in the testes tissue of Peromyscus
maniculatus. This suggestion is based on the variation of base pairs
indicated by red arrows in the following figures (40-42). Also Figure 42
indicates that testes6 is 23 nucleotide shorter than the other 4 testes
sequences. Also testes8 and testes7 are about 12-14 nucleotides shorter
compared to the other sequences.

Figure 40. Alignment of 6 testes samples to analyze the mys elements.
this figure shows the regions of similarity between the first 90bp. The red
arrows indicate potential subfamily diagnostic variation.
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Figure 41. Alignment of 6 testes samples to analyze the mys element.
This figure shows the regions of similarity between 100bp to 270bp. The
red arrows indicate potential subfamily diagnostic variation.
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Figure 42. Alignment of 6 testes samples to analyze the mys elements.
This figure shows the regions of similarity between 280bp up to 450bp.
The red arrow indicates potential subfamily diagnostic variation.
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Figures 43-49 depict the alignments between 14 sequences
generated from the cloned RT-PCR products of the brain, testes, and the
ovary tissues. Based on these analyses, in was concluded that the mys
element is apparently expressed on more than a single locus in brain,
testes, and ovary tissues in Peromyscus maniculatus, suggesting that
more than one master gene is responsible for the amplification of the
mys element in these tissues.

Figure 43. Alignment of 6 testes, 4 ovary, and 4 brain samples to analyze
the mys elements. This figure shows the regions of similarity between the
frist 60bps.
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Figure 44. Alignment of 6 testes, 4 ovary, and 4 brain samples to analyze
the mys elements. This figure shows the regions of similarity between
70bp to 120bp.
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Figure 45. Alignment of 6 testes, 4 ovary, and 4 brain samples to analyze
the mys elements. This figure shows the regions of similarity between
130bp to 180bp.
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Figure 46. Alignment of 6 testes, 4 ovary, and 4 brain samples to analyze
the mys elements. This figure shows the regions of similarity between
190bp to 240bp.
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Figure 47. Alignment of 6 testes, 4 ovary, and 4 brain samples to analyze
the mys elements. This figure shows the regions of similarity between
250bp to 300bp.
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Figure 48. Alignment of 6 testes, 4 ovary, and 4 brain samples to analyze
the mys elements. This figure shows the regions of similarity between
310bp to 360bp.
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Figure 49. Alignment of 6 testes, 4 ovary, and 4 brain samples to analyze
the mys elements. This figure shows the regions of similarity between
370bp up to 450bp.
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Analyzing the ID elements in Peromyscus maniculatus somatic and
germ-line tissues reveals a different master gene in the ovary tissue
compare to that of brain and testes tissues:
As depicted in Figure 50, an approximately 80bp band size was
expressed in the brain and testes and very faintly in the liver and ovary
tissues. Although the expression of the ID RNA was detected in all the
studied tissues, the question is whether the ID element was expressed on
a single locus for all these tissues. This was analyzed by the BLAST

(-)
control

Ovary

Liver

Testes

Brain

Marker

search and the ClustalW tool.

700 bp
400 bp
200 bp
75 bp

Figure 50. RT-PCR products of ID elements analyzed on a 2% agarose
gel.
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An EcoRI digest was performed on a total of 5 cloned RT-PCR
fragments from the brain tissue. Figures 52 and 53 depict the 5 clones
submitted for sequencing. Also to analyze the clones of the RT-PCR
fragments from the testes sample, a total of 12 clones were analyzed
using the EcoRI restriction digest enzyme (Figures 51-53) and found that
all contain inserts; therefore, these clones were submitted for
sequencing. Clones of the RT-PCR fragments from the ovary tissue were
also analyzed using the EcoRI restriction digest enzyme. Figures 52 and

Ovary 4

Ovary 3

Ovary 2

Ovary 1

Testes 4

Testes 3

Testes 2

Testes 1

Brain 2

Brain 1

Marker

54 indicate the samples submitted for sequencing.

850 bp
400 bp
100 bp

Figure 51. An EcoRI digest on two RT-PCR fragments from the brain, four
testes, and four ovary samples for confirming the ID insert analyzed on a
2% agarose gel. White arrows indicate the samples submitted for
sequencing.
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Testes 6

Testes 5
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Brain 8
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Figure 52. An EcoRI digest on four cloned RT-PCR fragments from the
brain and two testes samples for confirming the ID insert analyzed on a
2% agarose gel. White arrows indicate the samples submitted for
sequencing.

850 bp
400 bp

100 bp

Figure 53. An EcoRI digest on three cloned RT-PCR fragments from the
testes and five ovary samples for confirming the ID insert analyzed on a
2% agarose gel. White arrows indicate the samples submitted for
sequencing.
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In order to confirm the clones generated from the RT-PCR products
in somatic and germ-line tissues in Peromyscus maniculatus as ID SINE
elements, 5 cloned RT-PCR fragment samples from the brain tissue, 11
cloned RT-PCR testes samples, and 6 cloned RT-PCR ovary samples were
prepared for sequencing. These sequences are presented in Figures 5456.
Pm ID brain1
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
AACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID brain 2
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
AAACCTGAATTCAAANGCAATNACTANATGAATTC
Pm ID brain 3
AAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTAG
CAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAAA
ACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID brain 6
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGACCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
ACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID brain 7
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
AACCTGAATTCGAAGGCAATCACTAGTGAATTC
Figure 54. Sequences for 5 brain samples for analyzing ID elements. The
bold letters represent the EcoRI sites and the underlined letters are the
forward and reverse primers.
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Pm ID testes 1
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGTGCTTGCCTAG
CAAGCACAAGGCCCTGGGTTCAATCCTCAGCTCTGGGAAATTAAACAAAA
CAAAAAAAAAACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 2
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAAAGTGCTTGCCTAG
CAATCGCAAGACCCTGGGTTCGATCCTCAGCTCCAAAAAAAAAAAAAAAAA
AAAGAGTAAATAAGATCACAAGAAAAAAAAAAACCTGAATTCGAAGGCAAT
CACTAGTGAATTC
Pm ID testes 3
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCACTTGCCTAG
CAAGCGCAAAGCCCTGGGTTCGATCCTCAGCTCAAAAAAAAAAAAAAAAA
AAAACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 4
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
AAAAAAAAAAACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 5
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
AAAAAAAAAAACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 6
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCTCAAGGCCCTGGGTTCGGTCCTCAGCTCTGAAAAAAAAAAAAAC
CTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 7
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCACTTGTCTAG
CAAGTGAAGGCCCTGGGTTCAGTCCTCAGCCCTGGGGAAGGAAAAAAAA
AAAAAAAAAAACCTGAATTCGAAGGCAATCACTAGTGAATTC
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Pm ID testes 8
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCACTTGCCTAG
CAAGCGCAAGGCCTGGGTTTGGTCCTCAGCTCCAAGAAAAAAAAAAAAAC
CTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 9
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCACAAGGCAAGGATTCGATCCTCAGCTCCAAAAAAAAAAAAAACC
TGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 10
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
ACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID testes 11
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
ACCTGAATTCGAAGGCAATCACTAGTGAATTC
Figure 55. Sequences for 11 testes samples for analyzing ID elements.
The bold letters represents the EcoR1 sites and the forward and primers
are indicated by the underlined letters.
Pm ID ovary 2
GAATTCGATTGGGGTTGGGGATTTAGCTCAGCGGCATAAGCGCCTGCTTT
GCAAGCAGGCAGTCGTGAGTTCGATCCCTGGTACCAATAAAAAAAACGAA
AAAGACAAAAAAAAAAAAAACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID ovary 3
GAATTCGATTGGGGTTGGGGATTTAGCTCAGCGGCATAAGCGCCTGCTTT
GCAAGCAGGCAGTCGTGAGTTCGATCCCTGGTACCAATAAAAAAAACGAA
AAAGACAAAAAAAAAAAAAACCTGAATTCGAAGGCAATCACTAGTGAATTC
Pm ID ovary 6
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGCTTCAGCGCTTGTCTG
GCAAGCACTAGGTTGTAAGTTTGATTCCCAGTACAAAAAAAAAAAAACCTG
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AATTCGAAGGCAATCACTAGTGAATTC
Pm ID ovary 9
GAATTCGATTGGGGTTGGGGATTTAGTGAAATATGTTCTTTGCTCAGAACA
AAGCTGTCATGCTAGAACTGGGATGTGAGAGAAATTACTGAGACATGGAT
TTAAAAAAAAAAAAAAAAAAAAAAAACCTGAATTCGAAGGCAATCACTAGTG
AATTC
Pm ID ovary 10
GAATTCGATTGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTA
GCAAGCGCGAGGCCCTGGGTTCGGTCCTCAGCTCTGTTAAAAAAAAAAAA
ACCTGAATTCGAAGGCAATCACTAGTGAATTC
Figure 56. Sequences for 6 ovary samples for analyzing ID elements. The
bold letters represents the EcoR1 sites, and the underlined letters
represents the reverse and forward primers.
The BLAST search results, presented in Table 5, indicate that 13
clones derived from the brain and testes tissues match the accession
number U33851.1 (Peromyscus maniculatus snRNA [BC1 RNA] gene,
partial sequence) with a max identity of 98% to 100%. In addition, 3
clones generated from the testes tissue matched the accession number
U33855.1 (Peromyscus maniculatus clone Pma3 ID repeat element) with a
max identity of 91% to 94%. With the exception of one ovary clone, none
of the other clones derived from the ovary matched the BC1 gene or any
other repetitive element. This may be due to the lack of information
available for Peromyscus maniculatus in the database. The study of
Muslimov et al (1243-50) demonstrates the identification of BC1 RNA in
the male germ-line cells. The authors suggest that this finding is of dual
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significance: (1) the expression of the BC1 in the germ-line is a
prerequisite for the proliferation of ID in rodent genomes; and (2) high
levels of BC1 RNA in the early spermatogenic development indicates a
functional role in this cells (Muslimov et al., 1243-50). Since not enough
information is available for the ovary-derived clones, I cannot
conclusively state that the male germ-line tissue is solely responsible for
transferring the ID to the next generation of Peromyscus maniculatus.

Table 5: The results from the specific BLAST search for Peromyscus
sequences on the cloned RT-PCR fragments from the brain, testes and
ovary samples for identifying ID elements.
Accession
Pm ID
Brain 1
Brain 2
Brain 3
Brain 6
Brain 7

U33851.1

Pm ID
Testes 1
Testes 6
Testes 8

U33855.1

Testes 4
Testes5
Testes 6
Testes 9
Testes 10
Testes 11

U33851.1

Description

Max
Score

Total
Score

132
132
132
126
132

132
132
132
126
132

Peromyscus
maniculatus
clone Pma3 ID
repeat element
Length=76

78.7
87.9
75.0

Peromyscus
maniculatus
snRNA (BC1 RNA)
gene, partial
sequence
Length=391

137
137
108
71.3
132
132

Peromyscus
maniculatus
snRNA (BC1
RNA) gene,
partial sequence
Length=391
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Query
coverage

E
value

Max
identity

97%
69%
97%
98%
97%

2e-32
3e-32
2e-32
1e-30
2e-32

100%
100%
100%
98%
100%

78.7
87.9
75.0

68%
80%
69%

4e-16 91%
5e-19 94%
4e-15 94%

137
137
108
71.3
132
132

100%
100%
100%
83%
98%
98%

6e-34
6e-34
4e-25
6e-14
2e-32
2e-32

96%
96%
94%
84%
100%
100%

Testes 3
Testes 8

EU05320
3.1

Pm ID
Ovary 10

U33851.1

Pm ID
Ovary 1
Ovary 2
Ovary 3
Ovary 6
Ovary 7
Ovary 9

Peromyscus
maniculatus
alpha globin gene
cluster, complete
sequence

102
97.1

102
97.1

132

132

100%
100%

98%

2e-32 91%
8e-22 91%

2e-32 100%

Peromyscus
maniculatus
snRNA (BC1 RNA)
gene, partial
sequence
Length=391
No significant similarity found

Figure 57 demonstrates the alignments between 5 sequences
derived from the ID RT-PCR cloned from the brain tissue. The high level
of similarity between these sequences indicates that the ID element is
expressed from a single locus in the brain tissue, and a single master
gene (the BC1 gene) is responsible for the amplification of the ID element
in the brain tissue as it was expected, since brain tissue contains the
BC1 transcript in abundant.
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Figure 57. Alignment of 5 brain samples to analyze the ID elements.
Eleven sequences derived from the testes tissue were aligned by
the use of the ClustalW function. Figure 58 demonstrates the high
regions of similarity between the nucleotide sequences derived from the
testes tissue, indicating that the ID element in the testes tissue is
expressed from a single locus and a single master gene (the BC1 gene) is
responsible for the amplification of the ID element in the testes tissue.
The long A tail in testes 2 compared to the other sequences suggest the
possibility that testes2 is more active in the retrotransposition events
than the other sequences. This suggestion is based on previouse studies
(Odom et al., 2140-8) demonstrating that newly inserted SINEs have
longer A-tails.
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Figure 58. Alignment of 11 testes samples to analyze the ID elements.
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Figure 59 depicts the alignments between 6 sequences derived
from the ovary tissue. Out of the 6 sequences, only 2 sequence (ovary 2
and ovary 3) perfectly align with each other, which may suggest a similar
master gene. However, none of the other sequences align with each
other, indicating that the ID element is expressed from more than one
locus in the ovary tissue; also these alignments demonstrate that a
different master gene than the BC1 gene is responsible for the
amplification of the ID element in the ovary tissue. Also, since the A tail
of ovary2 and ovary3 perfectly align, I may suggest that these sequences
are more active in retrotransposition than the other ovary clones.

Figure 59. Alignment of 6 ovary samples to analyze the ID elements.
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In order to further analyze the ID elements, the regions of
similarity between 24 sequences were identified by the use of the
ClustalW (Figures 60-62). When the sequences derived from the ovary
tissue were aligned with the sequences generated from the testes and the
brain tissues, the only regions that aligned were from the 70bp to
approximately the 80bp region. In any other region, the samples from the
ovary do not show any similarities with the samples from the brain and
the testes. This may be due to different loci expression of the ID element
in the ovary tissue proposing that a different master gene than the BC1
gene is responsible for the amplification of the ID element in the ovary
tissue of the Peromyscus maniculatus. Or perhaps these clones are not ID
or perhaps ID element was not amplified or expressed in the female
germ-line.
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Figure 60. Alignment of 11 testes, 4 brain, and 6 ovary samples to
analyze the ID elements. This figure shows the regions of similarity
between the first 30bp.

Figure 61. Alignment of 11 testes, 4 brain, and 6 ovary samples to
analyze the ID elements. This figure shows the regions of similarity
between 40bp to 60bp.
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Figure 62. Alignment of 11 testes, 4 brain, and 6 ovary samples to
analyze the ID elements. This figure shows the regions of similarity
between 70bp to 120bp.
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Analyzing the transcription loci of the 7SL RNA gene in Peromyscus
maniculatus somatic and germ-line tissues:
The 7SL RNA gene was studied since it has been known that some
of the SINE elements (B1 and Alu elements) are derived from this gene. It
was expected to find different expression in different tissues since it had
been demonstrated that the 7SL gene (a member of non-coding RNA
genes) shows tissue specific expression predominantly in the germ-line
cells (Yang et al., 748-54; Martinho et al., 159―165). It also has been
demonstrated that some non-coding RNA genes (ncRNAs) were only
detected in the ovary or testes (Yang et al., 748-54). As shown in Figure
63, the 7SL gene was detected in Peromyscus maniculatus brain, testes,
and liver tissues but not in the ovary tissue. This result may be due to
methylation of the 7SL RNA gene in the ovary tissue. Studies indicate
that most of the genes that are tissue-specific expressed and are
transcriptionally silenced are associated with the methylation of the CpG
dinucleotides (reviewed in Menendez et al., 12).
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(-)
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Brain
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200 bp
75 bp

Figure 63. RT-PCR products of the 7SL gene analyzed in 2% agarose gel.

The expression loci of B1 SINE element in Peromuscus maniculatus
somatic and germ-line tissues:
The B1 SINE element was detected in Peromyscus maniculatus
brain and not in any other tissues (Figure 64). Studies on mouse
demonstrate that the B1 SINE is expressed in testes and in lower levels
in other tissues (Li et al., 367-72). And since the B1 SINE is 7SL derived,
we may predict a similar tissue specific expression for both genes.
However, this was not the case in Peromyscus maniculatus since the B1
element is only expressed in the brain tissue. The tissue specific
expression of the B1 SINE has been previously described in the work of
Li et al. (367-72) and Wood et al. (7031-9). Also the high level of CpG
(Rinehart et al., 416-25) in B1 SINEs may lead to hyper methylation and
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silencing of the transcription of B1 in the liver, testes and ovary tissue of

(-)
control

Ovary

Liver

Testes

Brian

Marker

Peromyscus maniculatus.

700 bp
400 bp
200 bp
75 bp

Figure 64. RT-PCR products of B1 elements analyzed in a 2% agarose
gel.

Analyzing the expression loci of B2 SINE element in Peromyscus
manicualtus somatic and germ-line tissues:
The expression of B2 SINE was investigated in Peromyscus
maniculatus somatic and germ-line tissues. The band size found was
around 80bp and it was expressed in brain, testes, liver, and ovary
tissues (Figure 65). This was predictable since studies have
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demonstrated that the B2 RNA is expressed at high levels in all mouse
tissues (Li et al., 367-72). Also another band was observed in the liver
tissue with an approximate size of 300bp, which may be 7SL RNA

(-)
control

Ovary

Liver

Testes

Brain

Marker

transcripts since the size is close to the 7SL gene.

700 bp
400 bp
200 bp
75 bp

Figure 65. RT-PCR products of B2 elements analyzed in 2% agarose gel.
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Chapter 4: Discussion
This study was performed to demonstrate if one or more master
genes are responsible for the expression of LINE, SINE, and mys
elements in Peromyscus maniculatus somatic and germ-line tissues, and,
in addition, to assess which germ-line is associated with the inheritance
events of these retrotransposons. In this study the expression of LINE,
mys, and SINE elements were analyzed in two somatic tissues (brain and
liver) and two germ-line tissues (testes and ovary) in Peromyscus
maniculatus, using the RT-PCR method. RT-PCR is an alternative to
other techniques available to detect the expression of mRNA such as
Northern blot analysis and microarray, since RT-PCR can be used to
analyze the mRNA levels from much smaller samples.

Analyzing the RT-PCR products of LINE elements in somatic and germ-line
tissues in Peromyscus maniculatus:
Despite the fact that L1 transposition occurs in all cell types,
Hutchison et al. (619–636) demonstrate that the evolution of L1 requires
the expression and transposition of L1 elements in cells that are destined
for the next generation, which in mammals predominantly means germ
cells or early embryos before the germ-line becomes a distinct lineage.
However, the only band detected in the ovary tissue (Figure 8) of
Peromyscus maniculatus was not LINE element. Based on the obtained
results, it is most likely possible to confirm that the inheritance of the
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LINEs in Peromyscus maniculatus is not via the female germ-line.
However, since it is not known why a faint 400bp band was detected in
the ovary tissue, with a similar identity to the 300bp fragment, this
suggestion may be inconclusive.
A hypothesis I can give to explain the fact that the 300bp fragment
is not detected in the ovary tissue by RT-PCR is that this may be due to
high level of CpGs in this tissue that leads to hypermethylation, which
explains the lack of the expression of LINEs in the ovary tissue. Although
I have not come across any study that demonstrates high levels of CpG
in Peromyscus, several studies suggested that transcription of L1
elements may be controlled by the methylation of CpGs in the L1 5'
untranslated region (Woodcock et al., 7810-16; Nur et al., 9233-51;
Thayer et al., 273-7; Hata and Sakaki, 227-34; Yoder et al., 335-40).
DNA methylation plays an important role in gene imprinting, Xchromosome inactivation and developmental regulation of gene
expression (Yu et al., 4493-501). Also, transposable elements can be
transcriptionally silenced by DNA methylation (reviewed in Cantu et al.,
408). Studies have shown that more than 90% of the methylation of
cytosines in the human genome occurs in retrotransposons (Yu et al.,
4493-501). In contrast, CpG dinucleotides associated with the promoter
regions of tumor suppressor genes and genes involved in DNA repair and
apoptosis are associated with hypomethylatated CpGs (reviewed in
Menendez et al., 12). It is possible that the LINE elements in the ovary
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tissue have a higher level of methylation than the other tissues. Based on
a study done by Robin et al. (521-31), on two non-LTR retrotransposons
in Drosophila melanogaster, the authors suggest that in the female germline of Drosophila melanogaster R1 and I retrotransposons (non-LTR
retrotransposons in Drosophila melanogaster) can mediate silencing in
transcription units into which they are inserted. However, even if this is
the case in my study, it still does not explain why the 400bp fragment is
faintly detected in the ovary tissue, even if the results do not indicate any
difference in the identity of the 400bp fragment and the 300bp fragment
using the BLAST tool. Perhaps when excising the 400bp fragment,
despite being careful, this fragment was contaminated with the 300bp
fragment. However, I do not have any other explanation to support this
speculation, and there is no evidence in the literature that shows a
similar result to explain the cause of that extra 100 nucleotides. The
results from the alignments of the sequences generated from the cloned
RT-PCR products from the brain and testes tissues suggest that more
than one master gene is responsible for the amplification of the LINE
element in these two tissues. In addition, since no clones were derived
from the ovary tissues, I may suggest that the male germ-line is
predominantly responsible for the inheritance events of LINEs in
Peromyscus maniculatus.
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Analyzing the RT-PCR products for the mys elements in somatic and germline tissues of Peromyscus maniculatus:
The results from the restriction digest reaction on the clones
generated from the mys RT-PCR clones indicate different patterns of
digestion (Figures 26-30). This is due to multiple restriction sites for the
EcoRI enzyme indicating the expression of various mys subfamilies that
may be active. The use of EcoRI restriction sites has been previously
used to identify subfamilies of retrotransposons. Kass et al. (7-14) has
identified a LINE subfamily based on the EcoRI sites in Peromyscus by
the use of the southern blot technique. One experiment that can be done
is to compare the subfamilies of mys retrovirus like elements at the
genomic and RNA level. We can use the genomic DNA of Peromyscus
maniculatus to amplify the mys element in somatic and germ-line tissues
by the use of PCR, then extract the RNA of these tissues and use the
same primers to analyze the transcription of mys element by the use of
RT-PCR. This will show us if subfamilies of the mys element are
currently active and expressed in Peromyscus maniculatus.
Since the sequences generated from the cloned RT-PCR
fragments from the testes and the ovary tissues identically match the
mys genomic consensus sequence, I cannot confirm if the mys element is
more active in the ovary or in the testes, and which germ-line is more
responsible to transfer the mys element to the next generation. In
addition, based on the alignments of the testes and ovary sequences, it
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seems that both the testes and ovary tissues are highly conserved and
similar to each other. Therefore, it seems that both germ-lines are
equally responsible for transferring the mys element to the next
generation. In addition, based on the aligned sequences, I may suggest
that the mys elements is expressed on more than one locus in the brain,
testes, and ovary tissues in Peromyscus maniculatus, indicating
subfamilies of the mys elements; therefore, more than one master gene is
responsible for the retrotransposition of the mys element in these
tissues.

Analyzing the sequences generated from the cloned RT-PCR products of
various SINE elements in somatic and germ-line tissues in Peromyscus
maniculatus to assess the expression loci of these elements:
Studies have indicated that most SINEs are incapable of
retrotransposition, and only few active elements are responsible for the
activity at any given time (Deininger et al., 307-11; Schmid and Maraia
874-82; Deininger et al., 67-88). What separates the active copies from
their inactive family members? Studies suggest that a primary moderator
of this activity is the length of the A tail in these copies (Roy-Engel et al.,
1333-44). For instance, the copy number of the ID elements in most
rodent genomes parallels the length and homogeneity of the A tail region
at the 3' end of the BC1 locus (Odom et al., 2140-8).
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The BC1 RNA gene has been demonstrated as a master gene for
the amplification of rodent ID elements and that of one rat ID subfamily
(Kim et al., 3607-11). The BC1 RNA gene appears to contain the features
necessary for a master gene, such as stability and self-priming ability
(reviewed at Kim et al., 322-7). All the clones derived from the ID RT-PCR
products from the brain and testes tissues matched that of Peromyscus
maniculatus snRNA (BC1 RNA) gene and/or the Peromyscus maniculatus
clone Pma3 ID repeat element. However, none of the clones derived from
the ovary tissue matched the BC1 gene or any repetitive element
available in the database. These findings may suggest that either not
enough information is available in the database for Peromyscus
maniculatus or the clones derived from the ovary tissue may not be ID at
all. However, when running the RT-PCR products on an agarose gel to
detect the expression of the ID element in various tissues, the band size
detected for the ovary tissue was similar to that of brain and testes
tissues. These findings may also suggest that the BC1 gene is not the
common master gene for the amplification of the ID element in the ovary
tissue.
The master gene theory indicates that only one locus in the
genome is able to give rise to new copies, and these new copies are
immobile and so rely on the master gene propensity to replicate. In the
alternative hypothesis, termed the transposon model, each copy is
capable of replicating; however, the replicative potential may vary among
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these replicates (Johnson and Brookfield, 235-9). Based on these two
models, I speculate that perhaps the ID element in the ovary tissue does
not follow the master gene model nor does it follow the transposon
model, perhaps an intermediate between these two models. Alternatively,
if we consider the master gene model, maybe the new copies have
inserted into a location that increased their chances of retrotransposing
(which is a fortuitous event), such as landing in a long A tail or a
promoter that enhances the replication of these elements. Several studies
have demonstrated that newer families of ID in rat do not follow the
evolution of the BC1 locus and therefore appear to have created a new
actively amplifying lineage (Kim and Deininger 322-7; Kass et al., 7-14).
In addition, Johnson and Brookfield (235-9) demonstrate that sequences
of mouse ID elements are not compatible with a strict master gene
model. Kim et al. (3607-11) also demonstrates that the BC1 RNA is
transcribed only from a single locus, suggesting that there may be other
dominant loci that contribute to other forms of ID related transcripts.
Also, based on the alignment figures (Figure 62), the A tail in the ovary
clones are longer than the testes (with the exception of testes2) and the
brain clones. This may indicate new subfamilies of elements that have
diverged from the BC1 RNA locus. In addition, studies have
demonstrated prediction of the SINE activity based on the length of their
A-tail (Roy-Engel et al., 1333-44; Odom et al., 2140-8); therefore, the
long A tail of the ovary clones may suggest that these clones are active
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retrotransposons. Therefore, I may speculate that perhaps the ID
element in the ovary tissue belongs to a more recent family of ID
elements that have been highly active but have not been previously
demonstrated.
The expression of the 7SL gene was detected in the brain, liver,
and testes tissues of Peromyscus maniculatus but not in the ovary tissue
(Figure 63). This seems consistent in my study, since as previously
mentioned the clones derived from the ovary tissue when analyzing the
ID element also did not match ID, and the expression of the B1 SINE was
not detected in the ovary tissue as well. These findings may provide
insights into SINE activity. Perhaps this may suggest that the male germline is primarily responsible for transferring the 7SL derived SINE
elements to the next generation. The 7SL genes are members of the
signal recognition particle, which is a non-coding RNA (ncRNA). Most of
the ncRNAs show tissue specific expression in various organisms (Yang
et al., 748-54). For example, the ngc RNA in Drosophila is expressed in
primordial germ cells (Martinho et al., 159―165). However, the fact that
the 7SL gene is not detected in the ovary by RT-PCR opposes these
findings. This may be due to tissue-specific methylation in the ovary
tissue, or maybe there is a different 7SL locus expressed in the ovary;
also, the primers used might not amplify the ovary specific transcripts.
The B1 SINE element was detected in the brain tissue and not
any other tissue. An explanation for this observation is methylation of
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the alleles responsible for the expression of the B1 elements in the testes,
liver, and ovary tissues. On a study on the allele-specific demethylation
of imprinted mammalian promoter in mouse chromosomes, Wood et al.
(7031-9) demonstrated that despite previous studies that have indicated
that SINEs are generally excluded from imprinted promoters, two B1
elements located in the <100bp upstream of the CpG-rich repeats may
attract methylation to the surrounding region at the implantation stage.
Also in a study done by Yates et al. (36357–61) it was demonstrated that
a B1 repeat upstream of the murine Aprt gene is able to attract de novo
methylation to the surrounding sequences in a cell culture system. Li et
al. (367-72) demonstrates that B1 RNA is mostly detected in the testes
tissues and in a much lower level in other tissues such as liver, spleen,
or kidney. However, again this was not the case in my results, and the
B1 SINE element was only detected in the brain. Perhaps the reason for
the large amount of inherited B1 SINEs in Peromyscus maniculatus is
that the amplification of these elements occurs during the early
embryonic development rather than during the germ-line development.
The RT-PCR result for the B2 SINE element indicates that this
element is expressed in brain, testes, liver, and ovary tissues at the
expected band size of 80bp (Figure 65). The interesting finding was when
analyzing the sequences from the B2 SINE elements, some cloned RTPCR fragments from somatic and germ-line tissues for the B2 SINE
elements matched that of Peromyscus LINE and mys element and the
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BC1 gene. This may be due to some cross-contamination of the samples;
however, this is very unlikely since there is no evidence of the
appearance of LINE nor mys element on the gel image (Figure 65).
Unfortunately, not many clones and therefore not many sequences were
available to further analyze the B2 SINE element.

Proposing a LINE/SINE and mys/SINE relationship in Peromyscus
maniculatus somatic and germ-line tissues:
When the transcription loci of LINE elements in somatic and germline tissues in Peromyscus maniculatus was investigated, it was observed
that the LINE element was not detected in the ovary tissue. This was also
the case when analyzing the transcription loci of the 7SL gene and the
B1 SINE element (which is a 7SL derived SINE) in different tissues of
Peromyscus maniculatus. On the other hand, the mys element was
detected in all the studied tissues of Peromyscus maniculatus. This was
also the case when detecting the transcription loci of ID SINE and B2
SINE elements (tRN derived SINEs) in somatic and germ-line tissues of
Peromyscus maniculatus. Based on this findings I may suggest that
perhaps the 7SL derived SINEs solely rely on the RT machinery of LINEs
in order to replicate in the somatic and ovary tissues of Peromyscus
maniculatus. Therefore, if the RT machinery of LINE is not available in a
certain tissue, then the 7SL derived SINEs do not have the ability to
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replicate in that certain tissue (the ovary tissue in this case). However,
the tRNA derived SINEs (ID and B2) may be able to utilize the RT
machinery of the mys element in order to replicate in Peromyscus
maniculatus tissues and therefore do not solely rely on the RT machinery
of LINEs.

Summary:
This study was performed to compare the expression loci of various
retrotransposons in somatic and germ-line tissues of Peromyscus
maniculatus. The RT-PCR reaction was performed in order to detect the
expression of LINE, mys, and SINE elements in Peromyscus maniculatus
brain, liver, testes, and ovary tissues. The RT-PCR products were cloned
and further analyzed using restriction analysis, BLAST, and sequence
alignment tools. The purpose of this study was to determine if one or
more loci are serving as a master gene for the amplification of these
retrotransposons in different tissues and also to assess whether the male
or the female germ-line is primarily responsible for transferring these
retrotransposons to the next generation.
For LINE elements, no RT-PCR product was detected in the ovary
tissue. The sequences generated from the cloned RT-PCR fragments of
the brain and testes tissues were analyzed and indicate that more than
one master gene is responsible for the amplification of the LINE element
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in these tissues. The data suggest that perhaps the male germ-line is
responsible for transferring the LINE element to the next generation.
However, since the reason why the LINE element was not detected in the
ovary tissues or the reason why two distinct bands were expressed in the
brain, testes, and liver tissues remains unknown, it therefore may be
inconclusive to state that the male germ-line is more responsible for
transferring this element to the next generation.
The analyses of the mys element suggest that more than one locus
is serving as a master or source gene for the retrotransposition of the
mys elements. Also, no differential expression was detected in the germlines since the RT-PCR products of both tissues matched the genomic
consensus sequences; therefore, both germ-lines may be equally
responsible for transferring the mys element to the next generation.
However, further analysis (for example real-time PCR) is required to
assess if there is a difference between the level of expression between the
RNA in testes and ovary tissues.
What makes the analysis of ID elements interesting is the fact that
the BLAST search of the testes and brain clones matched that of the BC1
gene, which is known to be the master gene for ID elements, whereas
none of the ID derived RT-PCR products analyzed for the ovary tissue
matched any gene available in the database. This may be due to the lack
of information available in the database or because the whole genome
has not been sequenced, or perhaps these clones are not ID at all and ID
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elements are not expressed and amplified in the ovary tissue. However, I
may suggest that the BC1 gene are not the only master gene responsible
for the amplification of the ID elements (supported by the study of Kim et
al., 3607-11) in Peromyscus maniculatus tissues. Perhaps the ID element
in the ovary tissue belongs to a more recent and active family of ID in
Peromyscus manicualatus.

Future studies:
The lack of sequences available for Peromyscus maniculatus makes
analysis of various retrotransposons in the somatic and germ-line tissues
more challenging. Perhaps when the whole genome is sequenced, a more
robust comparative study may be performed, since more information will
be available in the database for Peromyscus maniculatus.
Also for further studies, real-time RT-PCR may be performed to
analyze the level of expression of the RNA of various retrotransposons in
the germ-line tissues to assess in which germ-line; the transcripts
corresponding to various elements are more highly abundant.
Another helpful approach will be to perform tissue arrays (tissue
micro array). Over the last decade the DNA microarray has greatly
contributed to the life science research. Recently microarray techniques
have been commercially available and have been utilized to analyze RNA
and microRNA profiling (Sato et al., e5540). This in situ PCR, RNA tissue
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array may be performed to detect the expression of LINE, mys, and SINE
elements in various tissues and compare the genomic and RNA
expression of these retrotransposons. This will enable us to detect the
expression of various retrotransposons in different tissues side by side,
and then use the quantitative RT-PCR for RNA measurement.
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